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CHAPTER I: INTRODUCTION 
All over the world today, changing physical and environmental needs 
call for adjustments in production patterns that can contribute to the 
attainment of a nation's overall objectives. In the United Sta'.es many 
changes are taking place that demand a new concept of forest management 
practices. Among these are massive improvement in technology, increasing 
population, continuing urbanization, changes in societal preferences, 
increasing demand for forest products and the emergence of an environment 
of material and energy scarcity. 
Need for a New Management System 
Economic development is characterized by, among other things, techno­
logical progress: the introduction of new machines, new materials, new 
sources of power and new processes to raise the productivity of available 
resources. While some other sectors of the econony in the United States, 
notably industry and agriculture, have taken advantage of the advanced 
technology, the forestry sector seems to be lagging behind. According to 
Larson and Gordon (33), the ideal forest resulting from traditional 
management practices is an imitation of nature. Large trees are grown 
over long rotations with little cultural treatment. Under these management 
conditions, opportunities for direct application of basic research results 
and for manipulation of tree growth to raise productivity are severely 
hampered. 
The need for a change in the present forest management systes: was well 
expressed by Gordon and Bentley (18) when they wrote that the adjustment of 
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agriculture in the United States to the environment of our modern indus­
trial economy has left a clearly-blazed trail that foresters can follow. 
They contend that within the last century massive inputs of science, 
technology and energy have wrought an agricultural revolution in terms of 
productivity of labor and land. Basic to this revolution were rational­
ization and intensification of cultural practices, both dependent on 
technological innovation. The modern phase of wood production will also 
require increased rationality. Increase in economic productivity of 
timber can be achieved through increase in biological productivity 
resulting from improved genetic stock, fertilization or better cultural 
systems, and also through Improved mechanization and new processes and 
products. Is it not time that foresters begin to think about this? 
Another environmental impact that calls for a change in the conven­
tional forest management system is land use conflict arising from 
continuing urbanization and shifting societal preferences. As a result 
of Increasing population, urban areas are expanding, forcing the conver­
sion of some forest and agricultural land to urban uses. Also, concern 
for environmental quality is growing in America and this impact is 
becoming more profound. This has induced an accelerated reservation of 
forest land for national parks, wilderness areas and recreation areas, 
as well as increased concern for the environmental Impact of conventional 
timber harvesting practices. These conflicting land uses are contributing 
to the increasing scarcity of land for timber growing and a tendency to 
reduce timber supply. There is, therefore, a need for a timber management 
system that will bring about relatively more efficient use of land. 
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Increase in population and per capita Income have shifted the 
aggregate demand curve of forest products in the United States to the 
right and will continue to do so in years to come. According to a 1966 
Food and Agricultural Organization report (1), the annual consumption 
of paper and paperboard will increase more than two-fold over the period 
from 1961 to 1975» Consumption by the United States would account for 
about 20 percent of the increase, which will be met largely by domestic 
sources. Similarly, there will be substantial increases in the demand 
for other wood products. For instance, demand for sawlogs is expected to 
Increase from 5.6 to 8.4 billion cubic feet in the period from 1960 to 
2000, while the demaiid for veneer logs will Increase from .80 to 2.6 
billion cubic feet within that period. 
In order to meet the projected demand there must be a shift of the 
aggregate supply curve of forestry to the right. This will require new 
technologies and highly intensified utilization in the forestry sector 
and, hence, a change from the conventional timber management system. 
Iron ore and aluminum products have been in competition with forestry 
for the production of items like window frames, doors, desks, cabinets, 
just to mention a few. However, we may be entering into an era where 
forestry will have to substitute, almost entirely, for iron ore and 
aluminum in the production of these items in the face of material and 
energy scarcity and environmental quality standards. According to Vaux 
(56b) there is an acute shortage of domestic supply of iron ore although 
cue demand for it. 1# doubling every 30 years. Aluminum pruàuci.lOù tê&ïultêâ 
a lot of energy and yields solid wastes more than double the amount of 
usable materials. In light of energy shortages which are apparent in some 
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portions of the United States, and also In light of environmental regula­
tions regarding solid waste disposal, outputs from Iron ore and aluminum 
may have to be restricted relative to projected levels of consumption. 
Energy requirements for forest products are relatively low and supply 
can be increased with some efforts. Thus, wood may become an Increasingly 
desirable substitute for these other raw materials. Foresters must make 
an effort in response to this challenge. Modification of the management 
system may contribute toward the attainment of the nation's goal. 
A more intensive cultural management system may be indicated. This 
is why many researchers and administrators are Interested in growing 
species that can be harvested every few years and in which the production 
process can be mechanized. Silage sycamore has been chosen as an example 
of an intensive cultural management system. [Throughout this study the 
terms silage sycamore production and intensive cultural management system 
are interchangeable.] Silage sycamore is remarkable for the rapidity of 
its growth and ease of propagation. It is a short rotation crop that 
could be mechanically harvested. 
Potentialities of a short rotation management system that make it 
conducive to the present physical and environmental needs include the 
following: 
1. It allows operators to concentrate major wood production efforts 
on forest lands with the best combination of productive capacity 
and accessibility. 
2. It gives flexibility tc zcnagcrc ir. thzt return csn be reelized 
early and land and capital converted to alternative uses rather 
quickly. 
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3. It gives researchers the opportunity to produce relevant results 
with flexibility of application because they can work with young 
plants over short times. 
4. It reduces land use conflicts in the sense that it requires a 
smaller amount of land than the conventional management system 
for a given output level. 
5. It gives greater yields than the conventional management system 
and hence can help in meeting the Increasing demand for pulp and 
paper. 
6. In addition to reducing the investment period in timber produc­
tion, it significantly reduces the amount of capital required in 
the form of timber growing stock. 
These advantages make it worthwhile to study the intensive cultural 
management system. 
Some characteristics of silage sycamore production, especially the 
short rotation, increased yields and flexibility of site, can be of 
tremendous advantage to the forest economy of developing nations, particu­
larly Nigeria. Particular application of this management system to the 
Nigerian forest economy will be Illustrated in a later chapter. 
Objectives 
Since the Intensive cultural management system is a relatively new 
concept, there is quite a need for more understanding of some factors 
pétî-lucut tô It. rirôt Is th£ capital-labcr rclaticnchip. Rccent industry' 
adjustments to changing wood labor supply conditions indicate that, with 
some additional changes, the problem of labor scarcity can be solved. The 
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most significant change was the trend toward increased production through 
utilization of capital intensive production methods. The reduction in 
labor cost alone, to say nothing of alleviating all the problems that go 
with recruiting and maintaining woods labor, would be a panacea to the 
pulpwood producer. There is a need to compare a labor intensive technique 
with a capital Intensive technique In order to establish which is more 
profitable. 
There is a need to understand the implications of various spacings 
and cutting cycles. Steinbeck and May (50) have written that the effect 
of spacing on yields becomes of almost paramount Importance when hardwoods 
are to be grown on coppice rotations of five years or less. The closer 
spacings, which allowed the seedling to utilize site more completely, 
yielded the highest weights. While the statement Is true, it should be 
realized also that closer spacing entails higher costs with regard to 
planting, harvesting and hauling. So the study will examine the relative 
profitability of various spacings. Also, different cutting cycles will 
have different yields and a different magnitude of costs. This will also 
be examined. 
Land utilization under intensive management system will be compared 
to that of the conventional management system, and the relevance of the 
intensive management system in location concepts, and as applied to 
developing nations, will be Illustrated. 
Stated specifically the objectives of the study are: 
relative profitability of various alternatives In silage sycamore 
production. 
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To examine the economic relationships of the factors pertinent 
to this management system. 
To compare the Intensive management system with the conventional 
management system In terms of their profitability and land use. 
To Identify the factors relevant to location of a silage sycamore 
farm, and the advantages of this management system In location of 
mills. 
To examine the application of an intensive management system to 
Nigerian forest economy. 
Limitations of the Study 
The central thrust of this study Is the Identification and analysis 
of the basic economic relationships Inherent In an Intensive management 
system as Illustrated by silage sycamore production. However, the current 
status of the Intensive management system Imposes severe limitations on 
the availability of data suitable for refined analysis. Biological research 
with regard to growth of coppice and response to fertilization and other 
cultural treatments is still at the initial stage. Special equipment for 
various operations has not been developed and so planting and harvesting 
rates cannot be accurately estimated. There is no established silage 
sycamore stumpage market at the present time, and hence price estimates 
are approximations from the existing wood market. 
Notwithstanding, this study can provide a useful starting point for 
ether rcsccrchcrs as zcrc cdequztc Infcrzztlcn becczes -v»il»ble Ir. the 
future. 
3. 
4. 
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CHAPTER II; PHYSICAL KELATIONSHIPS 
The purpose of this chapter Is to provide a description. In teirms of 
physical and biological relationships, of silage sycamore production. 
Assumptions made with respect to the application of cultural practices, 
the timing of harvests, and yields are outlined. Such description pro­
vides a basis for subsequent economic analysis of silage sycamore 
production, here being used as an example of an intensive management 
system. 
To permit certain comparisons between the intensive management system 
and the conventional management system, a slash pine pulpwood production 
situation is adopted ^  illustrative of the latter. The hypothetical 
slash pine management scheme used for this purpose is described. 
Intensive Versus Conventional Management Systems 
In referring to silage sycamore production as an intensive management 
system, it is essential to recognize that intensity is a relative teirm. 
What is inferred is that the system described is significantly more inten­
sive than systems of management currently employed for wood fiber produc­
tion. The intensity of management refers to the rate at which variable 
agents are applied in production per unit of the fixed agent. In the 
context of forest production, land is generally treated as the fixed agent 
while the variable Inputs Include labor and capital in various forms. 
Thus, the intensity of management in timber production may be described in 
terms of the amount of labor and/or capital being employed per acre of 
forest land. Management is relatively intensive In a situation in which 
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large quantities of labor and capital are employed per acre of forest land 
am compared with another situation In which smaller amounts of variable 
Inputs are used. À particular analytical problem may require that inten­
sity be described with reference to a specific category of variable input, 
e.g., labor intensity or capital intensity. 
In timber production, the variable agents employed are usefully 
categorized as follows: 
labor 
capital 
capital in form of timber growing stock. 
Management for timber production tends to be extensive as compared with 
agricultural or Industrial production. Among the variable inputs 
employed in timber production, capital in the form of timber growing 
stock predominates, and typically represents the major portion of 
variable costs. Determination of the optimum intensity of management 
is a central problem of timber production. 
Silage sycamore production differs from the conventional timber 
management systems primarily with respect to the intensity of management 
applied. More specifically, silage sycamore production entails more 
intensive management in terms of the rate at which labor and capital 
other than timber growing stock are utilized per acre of forest land. 
A higher intensity of management is reflected in higher yields. On the 
other hand, the capital intensity of management In terms of the average 
volume or value of timber growing stock per acre is lower than that of 
conventional timber management «y=Lams. 
In addition to a significantly higher level of management Intensity, 
silage sycamore production differs from the conventional management system 
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In other respects which are notable. Sprout growth or coppice production 
plays a major role In the Intensive management system as contrasted with 
almost total reliance upon seedling production within the conventional 
management system. The Interval between successive harvests Is much 
shorter under the Intensive management system than under the conventional 
management system. Thus, the Intensive management system represents not 
simply an Intensification of management practices currently applied In 
timber production but rather a significant departure with respect to 
cultural techniques. 
Contemporary timber management procedures vary over a broad range 
with respect to Intensity and the cultural practices applied. The 
management pattern for slash pine pulpwood production adopted to Illus­
trate the conventional management system must be recognized as one point 
on this wide spectrum. It Incorporates some but not all cultural 
practices which are applied in actual timber production operations. It 
represents an Intensity of management which Is greater than the average 
for timber production in the United States at the present time. This, 
however, is a lower level of management intensity than that entailed in 
silage sycamore production. 
Intensive management system 
Intensive management system brings timber production much closer to 
agriculture in terms of production and economic characteristics. In the 
process, some of the major economic barriers to timber production — long 
rotations, large input of capital in the form of growing stock and the 
scarcity of other capital forms — are significantly reduced. Emphasis 
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Is placed on exerting a positive Influence on timber yield. Management 
Is characterized by greater Intensity reflected In some or all of the 
following practices: 
a) application of some more sophisticated measures to establish 
regeneration 
1) Intensive site preparation 
2) planting or artificial seeding with possible use of 
genetically Improved stock 
b) more Intensive protection system with relatively greater emphasis 
on Insect and disease factors 
c) application of cultural practices between stand establishment and 
regeneration cut 
d) fertilization 
e) short rotation 
f) close spacing with resulting more effective utilization of land 
resources. 
Silvlcultural characteristics of silage sycamore, general management 
practices Establishment of silage sycamore, a system relying on coppice 
production and greater intensity in the application of cultural practices, 
includes the following: 
Site preparation Intensive site preparation is important to 
the best survival and growth of planted seedlings (6). In plantations 
sycamore survives and grows best on a site from which all other living 
plants have been removed. The necessity for such drastic site preparation 
depends on the productivity of the site. The better the site, the more 
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natural competition there will be, and the more Important It Is to control 
such competition. 
There seems to be a great flexibility in the nature of the site 
required for sycamore production. According to Steinbeck et al. (51), 
site requirements of sycamore are not very exacting. In natural stands 
it prefers the alluvial soils of bottomlands, although it will grow as 
a pioneer species on upland old field sites. It has been planted on 
sites ranging from fertile bottomlands to severely eroded upland soils 
in the piedmont to sandy flats of the coastal plain. Briscoe (6) seems 
to agree with this notion when he writes that although sycamore occurs 
in nature most often and reaches its maximum size near streams and rivers, 
it is not confined to such sites and can be seen in coves and on steep 
slopes, and even on ridge tops. It occurs naturally and grows vigorously 
on soils that are mildly alkaline as well as on acid spoil banks. 
Planting Planting can be done with manual labor but 
mechanized tree planters usually permit faster, easier and better planting 
than hand methods, and the tractor mounted or tractor drawn planter 
developed for pines serves well with sycamore. 
Fertilization Fertilization is almost universal. Applica­
tion is usually with or preceding a cover crop. Various researchers, 
Broadfoot and Ike (7), Funk and Krause (16), Gilmore and Boggeas (17), 
Huppuch (27a) and Ike (28), have emphasized the Importance of fertiliza­
tion to sycamore growth. 
rjçoÛËCÛXou rirôLtscûxuu âgaiûâL xiiTc, lûôcCCô âûu uisêâôc 1.5 
essential in that, although plantation of sycamore is resistant to most 
agents, there is no immunity. Therefore, the sycamores must receive the 
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care normally accorded to forest plantings. If fires are not extremely 
hot the trees will sprout from the stumps. In plantations that have 
been heavily invaded by Johnson grass or other weeds, however, a fire 
during dry weather may destroy the sprouting ability of the rootstocks. 
Among insects causing noticeable damage to foliage of occasional trees 
are leaf hoppers, lace bugs, fall webwom, aphids and scale insects. 
Diseases are of two major types: those that attack leaves and twigs, 
and those that attack the stem. Anthracnose, caused by Gnomonla Veneta. 
and the cankers are examples of these two types of diseases (6). 
Cultivation on well-prepared, reasonably level sites should begin as 
soon as weeds appear above the ground. Two to five cultivations are 
required during the first year. On good sites, second year cultivation 
is unnecessary. 
Timing The cutting cycles currently considered are two years, 
three years and four years. With a seedling growth and three coppices 
within each rotation, these give 8-year, 12-year and 16-year rotation 
lengths, respectively. For a 48-year production period used in this 
study, the periodic nature of production is illustrated. Table 1 shows 
the nature of periodic production for 2-year, 3-year and 4-year cutting 
cycles. 
One assumption made in this study, due to the kind of data available, 
was that the cutting cycles of coppices following harvest from seedling are 
the same as the cutting cycles of the seedling. For example, if the 
seedling is allowed to grow for two years, the three coppices following it 
will each grow for two years. This seems to be a good way to organize the 
farm production, but it does not always have to be so. A farmer may decide 
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Table 1. Number of rotations for three different cutting cycles for a 
48-year production period 
"2 S 
Seedling 2 years 3 years 4 years 
Coppice No. 1 2 years 3 years 4 years 
Coppice No. 2 2 years 3 years 4 years 
Coppice No. 3 2 years 3 years 4 years 
Ist rotation 8 years 
RE* 
12 years 
RE 
16 years 
RE 
2nd rotation 8 years 
EE 
12 years 
RE 
16 years 
RE 
3rd rotation 8 years 
RE 
12 years 
RE 
16 years 
RE 
4th rotation 8 years 
RE 
12 years 
5th rotation 8 years 
RE 
6th rotation 8 years 
Total production period 48 years 48 years 48 years 
No. of rotations 6 4 3 
No. of re-establishments 5 3 2 
No. of plantings 6 4 3 
No. of harvestings 24 16 12 
stands for re-establishment. 
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to grow the seedling for two years and each of the coppices following It 
for a different number of years. However, data are not available to 
carry out such an analysis. 
Again the question of how many sproutlngs can be obtained from a 
tree while maintaining Its vigor Is still to be answered. In silage 
sycamore production the sprouting of hardwood stumps appears In a new 
light when It Is considered a virtue rather than a curse. Once a crop 
is planted and harvested at a very early age, the next crop is automati­
cally assured without replanting. How many times this can be allowed to 
occur before re-establishment is necessary is still not known. For this 
study, one growth from seedling and three sproutlngs (coppices) were 
Incorporated into the model, again due to the nature of the data. These 
are referred to as seedling, coppice No. 1, coppice No. 2 and coppice No. 
3. 
In order to obtain equal total production periods for all three 
cutting cycles, the lowest common factor of these rotation lengths is 
needed. The lowest common factor of 8, 12 and 16 is 48. Therefore, 
Investment analysis was made for a 48-year period, and this is shown in 
Table 1. For example, with the 2-year cutting cycle, there will be six 
rotations within the 48-year period. The farmer plants once in every 
rotation, so there will be a total of six plantings in 48 years. Harvest­
ing and hauling take place four times within a rotation and hence there 
will be a total of 24 harvests. The farmer re-establishes at the end of 
eauii Luuouxuii xxvc uouxxoiuucuwo » ooo.kwv 
terminated at the end of 48 years. The other two cutting cycles can be 
interpreted in similar fashion from Table 1. 
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Alternatives considered The alternatives considered are labor 
Intensive versus capital Intensive techniques. Labor Intensive technique 
is representative of a system where planting Is done by hand and harvest­
ing Is done by a small silage chopper. Capital Intensive technique, on 
the other hand, represents a system whsre operations are carried out with 
the use of a large machine that can plant and harvest. Other alternatives 
are 1x4', 2x4', 4x4' and 6x4' spaclngs, and 2-year, 3-year and 4-year 
cutting cycles. 
The combinatorial analysis can be used to count the number of possible 
options contained In these chosen ranges of alternatives. To this end the 
following rule Is stated: given m elements a-j^ , a^ , ...» a^ , n elements 
b^ , b^  bjj, and p elements c^ , Cg, ..., c^ . It Is possible to form 
mnp combinations containing one element from each group. 
Applying this rule to silage sycamore production, let "a" represent 
spacing, "b" represent cutting cycle and "c" represent technique of 
production. Four different spaclngs chosen are 1x4', 2x4', 4x4' and 6x4' 
and are designated as a^ , ^ 2* ®4» respectively. The three cutting 
cycles, 2-year, 3-year and 4-year, are designated as b^ , b2 and bg, 
respectively, and the labor Intensive technique and the capital Intensive 
technique are respectively designated c^  and cg. 
By combinatorial analysis rule, there are 4x3x2 possible combinations 
containing one element from each group. Henceforth each combination is 
referred to as an option, and the 24 options are shown in Table 2. Option 
u 6—yoat cycxe ana xaDor 
intensive technique. Other options can be interpreted in like manner. 
Interpretation of all the options is included in Appendix B. 
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Table 2. Silage sycamore production options 
(N 
O 
r4 0) 
CM Q) 
m td 
sf 
at 
5* 
CM CO 
m 
cd 
C2 
C2 ®2 1^ 
-2 H ^ 1 
Cl aj_ bi 
ci 82 b. 
ci a^  b^  
C2 2^ bg 
C2 82 2^ 
02 a^  b2 
ci a^  b2 
ci ag b2 
C2 32 bg 
C2 ag bj^  C2 ag b2 C2 ag bg 
C2 34 bg 
Ci a^  bg 
ci 2^ bg 
ci ag bi c^  ag b2 c^  a^  bg 
ci a^  bg c^  84 bg 
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Silage sycamore yields So far efforts by researchers at the 
School of Forest Resources at the IMlversity of Georgia and the South­
eastern Forest Experimental Station provide only very rough indications 
of silage sycamore yields. While researchers have speculated that the 
determination of yield values represents a complex problem involving 
many contributing factors such as site, planting methods, planting stock, 
spacing, cultural treatments, fertilization, length of seedling and 
coppice rotations, time of harvesting, disease and insect depradations, 
vigor and longevity of root stocks, etc., they have not been able to 
determine precisely the effects of these factors. There is very little 
data beyond the yields from seedlings and hence estimates of yields are 
extrapolations based on some previous scanty observations. 
As their research progresses more complete data will become available 
for a more effective analysis. The data used for this study, therefore, 
are rather extrapolations obtained in a logical manner. The estimates of 
yields from seedlings for 2-year and 4-year cutting cycles were obtained 
from research results from Georgia as shown in Appendix C. The yields 
for the 3-year cutting cycle were obtained by plotting a graph of the two 
yields given. The research program has not been carried far enough to 
obtain yields for subsequent coppices other than that from 2-year seed­
lings. So to obtain the yields for coppice No. 1 for the 3-year and 
4-year cutting cycles, the percentage increase from seedling to coppice 
No. 1 in the 2-yeev cutting cycle was used as a guide. The yields for 
coppice No. 1 for the 5-yeac ûûJ 4-year cuttlug cyclcs vcrc, therefore, 
obtained by augmenting the yields from their seedlings by the same 
percentage as from the 2-year cutting cycle. 
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Yields for subsequent coppice were kept constant at the level of 
yields from coppice No. 1 for the 3-year and 4-year cutting cycles, the 
reason for this being that the result of an earlier research as reported 
in Dutrow's work (see Appendix C) shows yields from all four coppices to 
be the same. Silage sycamore yields are presented in Table 3. 
Even experts in silage sycamore production are not yet sure of the 
effects of coppices on growth, and so a rough estimate is what is avail­
able now. Although these data may not be very accurate they can still 
bring out some highlights with regard to spacings and cutting cycles. 
Better data will not change the technique of analysis and some Inferences 
drawn. They will, however, provide a more accurate estimate of returns. 
The production functions (yield relative to spacing for the three 
different rotations) are shown in Figure 1. 
Conventional management system 
Slash pine pulpwood production is used as an example of the conven­
tional management system. The elements assumed In slash, pine production 
are as follows: 
a) Trees are grown to maturity from seedling origin under natural 
regeneration. Provision for regeneration is made through seedbed 
preparation. 
b) Protection against Insects and diseases is provided. 
c) Intermediate operation is in the form of cutting to release young 
growth. 
d) Harvesting occurs at age 24. 
e) Wide spacing of 700 trees per acre is used. 
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Table 3. Silage sycamore yields ' 
Spacing 
1x4' 2x4' 4x4' 6x4' 
Yield from 2-year cutting cycle (tons/acre)^  
Seedling 9.1 8.9 3.8 3.5 
Coppice No. 1 9.3 9.0 8.5 6.1 
Coppice No. 2 9.4 9.1 8.6 6.2 
Coppice No. 3 9.5 9.2 8.7 6.3 
Yield from 3-vear cutting cycle (tons/acre) 
Seedling 21.0 18.4 14.8 10.2 
Coppice No. 1 21.5 19.0 15.3 10.7 
Coppice No. 2 21.5 19.0 15.3 10.7 
Coppice No. 3 21.5 19.0 15.3 10.7 
Yield from 4-year cutting cycle (tons/acre) 
Seedling 33.0= 28.2= 26.3= 17.3= 
Coppice No. 1 33.5 28.7 26.8 17.8 
Coppice No. 2 33.5 28.7 26.8 17.8 
Coppice No. 3 33.5 28.7 26.8 17.8 
A^dapted from research results from Georgia (see Appendix C). 
I^t should be mentioned that different spaclngs and cutting cycles 
can be used for silage sycamore production. 
E^stimates direct from research results. 
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Figure 1. Production function for silage sycamore 
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Possible variations In conventional management system Include longer 
rotation length. In some cases trees can grow for as long as one hundred 
and twenty years. Also, other Intermediate operations are often under­
taken. 
Yields for slash pine Yields for slash pine were predicted by 
Bennett and Clutter (4) using diameters distribution and diameter height 
relationships. The general form of the equation is represented below^ : 
where 
f(Di) = r(a + ; + 2) x$(i _ x)6 
r(o)(B) 
X 1^ ~ ^ min 
^^ max ~ ^ In 
®max " S) 
Hi - g2(N, Ai Si D) 
k 2 
Vol - Ï Ni (Bg + Di Hi) 
1-1 
k is diameter class 
Ni is number in diameter class 
Hi is predicted height 
Di is particular diameter class 
For more details concerning this see Bennett and Clutter (4) and 
Clutter and Bennett (10a). 
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Some extrapolation of their estimate was necessary for the purpose 
of this study. Yields were predicted for 5-year Intervals (age 15, 20, 
25 and 30). Yield at age 24 was estimated by Interpolation. Yield for 
slash pine Is shown In Appendix C. 
From the foregoing discussion some contrast can be made between the 
assumed regimes of Intensive and conventional management systems. First, 
while the time of rotation for the conventional management system is 24 
years, the cutting cycle for the Intensive management system has been 
reduced to 4, 3 and even 2 years. Shortening the rotation length for 
woody fibers can open up a new vista for the forest geneticist and put 
practical forest tree improvement into the mainstream of a fast and highly 
competitive economy. Individual selections for actual coppicing ability 
can be made when trees are two or three years old, and their genetic worth 
can soon be determined in a program of breeding and selection. The forest 
Industry cannot afford to progeny test trees for as long as 24 years before 
deciding which ones to select for future breeding. By the time a given 
strain with certain wood properties is produced under such a scheme, 
advances in chemical engineering and polymer chemistry may likely render 
the product uncompetitive (23). 
Herrlck and Brown (23) used taxes as an argument against long rota­
tion. An Increase in ad valorem taxes on forest land is apparent (at 
least in Georgia). Under existing stumpage price levels and timber 
production rotations, an annual tax burden In excess of $1.00 per acre 
1 
There is no fertilization in the conventional management system, and 
spacing is rather wide. The substitution of capital, in the form of 
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fertilizer, for land and the close spacing in the Intensive management 
system provide a great advantage In the use of land. 
In silage sycamore production the sprouting of hardwood stumps 
appears In a new light when It Is considered a virtue rather than a 
curse. Once a crop Is planted and harvested at a vcr^ ' early age the 
next crop Is automatically assured without replanting, whereas coppice 
Is not an option with the conventional management system. 
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CHAPTER III; ANALYTICAL APPROACH AND PROCEDURE 
The concept of prèsent-net-vorth la the basis for analysis adopted 
in this study. This chapter will introduce this concept and explain the 
formula used. Some crucial factors will be emphasized and brief mention 
will be made of alternative analytical approaches that can be applied to 
this type of problem. The procedure for calculation will also be 
described. 
Concept of Present-net-worth 
The près ent-net-^ orth technique is a very useful measure of the 
relative profitability of an investment. The idea implicit in 
present-net-worth calculations is that returns achieved at different 
future dates are made commensurable by assigning to them equivalent 
present values. The present-net-worth can be described as the discounted 
algebraic sum of benefits minus costs over the entire life of a project. 
This concept is very useful in forestry in that a single plantation 
or a group of plantations usually involves not one single investment 
concentrated at one point in time, for example one year, but a series of 
investments in initial establishment, protection, pruning, etc. Also 
output, at least from a single plantation, may be periodic not annual, 
whereas operating costs such as protection against fire, insects and 
diseases, taxes and, in the case of silage sycamore production, fertiliza­
tion are annual not periodic. Owing to an Irregular pattern of expendi­
tures and revenues over time, a straight revenue minus cost approach will 
not be adequate. The crux of the solution is to properly recognize the 
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time of occurrence of each cost and revenue Item. Each revenue and cost 
Item is, In effect, discounted from the time of occurrence back to the 
beginning of the Investment period. Thus, all values are combined or 
compared as of a common point In time. Present-net-worth Is the differ­
ence between the sum of discounted revenues and the sum of discounted 
costs. It la Imperative, whenever values are being combined or compared, 
that such values be adjusted to a common point In time. 
Discount rate 
Very crucial to the calculation of present-net-worth Is the selection 
of an appropriate discount rate. Operation of a forest business requires 
a large amount of capital which Involves the postponement of present 
enjoyment for a future benefit. The concept of Interest stems from this 
basic fact; It Is the return of capital, the rental price of money. The 
discount rate gives a measure of the Importance of the time element 
Involved. The discount rate furnishes an Indispensable means of comparing 
at a common point In time values which arise at different points In time. 
All Investments, public or private, generate streams of benefits and 
costs starting with the present and extending Into some time In the 
future. Before deciding whether or not an Investment project Is worth­
while, It Is necessary to discount these future cash flows at an 
appropriate rate and compare the sum of discounted benefits and costs. 
The rate of return from alternative Investment opportunity available 
to a firm can provide a useful guide to what interest rate should be used 
for the project considered. In esse the firm is borrowing money for Che 
investment, then the Interest rate charged on such a loan can be used for 
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discount purpose. A premium on the discount rate Is appropriate where 
risk and uncertainty are strictly compounding function of time. Invest­
ment must produce a rate of return sufficiently high to compensate the 
Investor for risks he undertakes in providing finance for his project. 
The discount rate should not be too low. Planning with low discount 
rate is highly favorable to project justification and Increases the 
optimum project size. The lower the discount rate and the longer the 
project life, the more likely project benefit will exceed the cost, so 
the larger will be the present-net-worth. A low discount rate increases 
resource allocation to, and capital intensity of Investment within, those 
sectors in which it is used. Planning with a low discount rate will 
generally show more projects to be economically justified than funds are 
available to build. 
Present-net-worth formula 
The appropriate formula for determining the present-net-worth of 
various timber production alternatives is governed by the pattern over time 
in the occurrence of the cost and revenue items. The basic pattern charac­
teristic of most timber production situations is that of a periodic series 
in which revenue is realized at the end of each rotation. This pattern is 
reflected in the formula for the capitalized value of a perpetual periodic 
series : 
r 
" (1 + i)t - 1 
where 
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Vp •> initial value of the series, or present-net-worth 
r " net revenue realized at the end of each rotation 
t - rotation length In years 
1 • discount rate 
In this form, the formula does not explicitly recognize costs other than 
those incurred at the end of each rotation and capital cost. Costs 
incurred at the beginning or during the rotation are compounded to the 
end of the rotation and deducted from revenue realized along with costs 
incurred at that time. Interest is assumed to be compounded annually. 
Appropriate adjustment would be required if value were to be determined 
at some point other than the beginning of the first rotation. 
In this study, production alternatives are analyzed on the basis of 
a finite Investment period, 48 years, rather than a permanent series. To 
adapt the basic formula to a terminable series, it is modified as follows: 
Vq - r[(l + 1)" - 1] 
[(1 + l)t _ l](i + i)* 
where 
n = length of investment period In years 
Vq, r, t and 1 are as defined earlier 
With an investment period of 48 years and an Interest rate of 6 
percent, the capitalized value of the terminable series is approximately 
93.7 percent of that of a perpetual series. 
generally, may be viewed as a series occurring within a series. The 
rotation, as in the case of conventional even-aged management, is the 
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Interval between establishment of the stand and re-establishment. Within 
the rotation, however, a succession of harvests Is made. The Interval 
between harvests Is the cutting cycle. Under a coppice system of manage­
ment, r In the foregoing formula may be regarded as the accumulated value 
at the end of each rotation of successive harvests realized within the 
rotation. The basic formula for this end value Is: 
V, . - 11 
(1 + 1)° - 1 
where 
- r, the accumulated value of successive harvests 
within the rotation 
a - the net value realized through each harvest 
s = the cutting cycle, i.e., the Interval between 
harvests 
To explicitly recognize elements of cost Incurred over the rotation, 
the timing of such outlays must be taken Into account. Establishment 
costs are Incurred at the beginning of the rotation. Other expenditures 
are required annually over the course of the rotation. These costs are 
carried to the end of the rotation by means of the following modification 
of the foregoing formula: 
- [^(1+ 1)^  - 1] _ e[(l + 1)^  - 1] _ c(l + I): 
(1 + D® - 1 1 
where 
e •> sum of costs incurred each year 
c " sum of costs incurred at the beginning of each 
rotation 
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The present-net-worth of a single rotation is obtained by discounting 
the accumulated net value derived by means of the preceding formula back to 
the beginning of the rotation, i.e., by dividing by (1 + i)^ . 
The present-net-worth, or capitalized value, of the series of rota­
tions incorporated in the total investment period is determined by substi­
tuting the end value for the single rotation for r in the formula for the 
present value of a terminable periodic series. That is, the rotation, 
which is itself a series in the case of coppice production, is treated as 
an entity which recurs periodically over the entire investment period (or 
perpetually). Thus, the formula which fits the silage sycamore production 
situation most closely is as follows: 
t] H.i] 
V . L (l+D'-l 1 J . B 
° [(l+i)^ -l](l+i)'^  
where 
D » any excess of establishment cost at the beginning 
of the first rotation as compared with 
re-establishment cost at the beginning of each 
subsequent rotation 
Other terms remain as defined earlier. 
The p res ent-net-worth values obtained from this formula, which are 
indications of the present value of future earnings, were used for 
comparative valuation of the 24 options considered. The option with 
the highest present-net-worth value is regarded as the most economic 
option. 
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The formula is also used for the slash pine production situation. It 
is, however, modified to suit the assumed regime as follows: 
where 
r 
R 
H 
S, 
A 
t 
n 
i 
rfCl + i)" - 1] 
[(1 + i)^  - 1](1 + i)^  
R - H - VI + i)' -
revenue 
harvesting and sales administration cost 
cost incurred at the beginning of the rotation 
annual costs 
rotation length (24 years) 
production period (48 years) 
interest rate (6 percent) 
Alternative Approaches 
The problem of analyzing and comparing alternative management systems 
may be approached through various techniques other than present-net-worth. 
The most appropriate analytical approach is, in part, a matter of the 
character of the problem being analyzed and the nature of the information 
sought. The criteria appropriate to the evaluation of a production system 
may be a major consideration in the selection of an analytical approach. 
Rate of return on investment 
Analysis based on a determination of the prospective rate of return 
differs only modestly from the present-net-worth approach. Instead of 
solving for an initial value, the rate of return is the unknown. Where 
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all costs and revenues and their timing are known, the rate of return is 
determined. The rate may be used to appraise the feasibility of a 
proposed management strategy or compare management alternatives. 
A modification of the rate of return on investment is the internal 
rate of return. This is the rate at which the present value of 
anticipated revenues would just equal the sum of discounted costs. 
Present-net-worth is zero. The rate so determined is, in effect, a break­
even rate. The internal rate of return may be utilized to appraise or 
compare management alternatives. 
Benefit-cost ratio method 
The benefit-cost ratio method is useful whenever it is necessary to 
rank projects or programs. It works best when prices reflect values. 
However, it Is not a measure of absolute merit. 
Procedure 
In order to employ the present-net-worth technique to estimate values 
for silage sycamore production, it is necessary first to get some estimates 
of revenues and costs Involved. This section deals with how revenue and 
cost estimates are obtained. 
Silage sycamore production costs 
Various authors differ in their estimates of costs of cultural prac­
tices and some inputs. This arises from the fact that there are no 
practices have not actually been undertaken. For the purpose of this 
study, the suggested costs will be used as possible ranges of costs 
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incurred. Cost items can be broken down into three categories; estab­
lishment costs, annual costs, and harvesting and hauling costs. 
Establishment costs Establishment costs include land preparation 
cost, nursery stock cost and planting cost. Nursery stock cost was 
estimated as $6 to $8 per thousand (41). The incurred cost depends on 
the spacing chosen. For 1x4' spacing, 10,980 seedlings per acre are 
planted and the incurred cost is approximately $65 or $87 per acre, 
depending on whether the purchase is at low or high cost. Similarly, 
nursery stock cost per acre for 2x4', 4x4' and 6x4' ranges from $32 to 
$44, $16 to $22 and $7 to $9.5, respectively, based on respective 
densities of 5,445, 2,722 and 1,815 trees per acre. 
Land preparation cost was estimated by Briscoe (6) to be $65 per 
acre, while Putrow et al. (14) and McKnight (41) gave an estimate of $75 
per acre. For this study, $65 per acre was adopted as the lower limit 
and $75 per acre was adopted as the upper limit. 
Planting cost depends on spacing, method of planting, rate of plant­
ing and wage rate. For a spacing having almost 11,000 trees per acre, 
it is obvious that planting cost will constitute a major cost, particu­
larly if seedlings have to be hand planted, as in the case of a labor 
intensive technique. 
Crucial in this cost is the assumed rate of planting, which in part 
depends on how well the planting site is prepared. After many talks with 
agronomists, extension foresters, and also from the planting rates quoted 
in Hudclph (45), the fcllcving planting rctsc chosen: 1,200 trees 
per man-day for hand planting and 6,048 per day for a two-man machine 
crew. 
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In order to calculate the planting cost, therefore, it was necessary 
to divide the number of trees to be planted per acre by the planting rate 
to obtain the number of hours needed for planting. This in turn was 
multiplied by the wage rate. Throughout this study the levels of wage 
rate chosen were $1.75 per hour as the lower limit and $2.00 per hour as 
the upper limit. The relationship described above can be represented in 
an equation form: 
where 
PL - (X/R) (WR) (N) 
PL • planting cost 
X • trees needed per acre 
R - planting rate 
N • number of crew 
Planting cost obtained from this relationship is shown in Table 14 in 
Chapter IV. 
Re-establlshment cost For subsequent rotation, re-establishment 
cost is lower than the cost of establishment for the first rotation in 
that a lower land preparation cost is incurred. According to McKnlght 
(41) and Dutrow (13), it should be between $51.70 and $52.00 per acre. 
For this study a low of $50 and a high of $55 per acre were adopted. 
Annual costs Insect and disease control cost, fire protection 
cost, taxes and fertilizer cost are Incurred annually. Insect and disease 
control coaL ôI $3 pèi." acïa per an.rxus vas given by Dutrcv ct al. (14). 
This will depend, however, on the kind of herbicide used and the market. 
Thus, for this study a low of $3 and a high of $5 per acre per annum 
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were used. Fire protection and taxes constitute a minute portion of the 
costs. They were estimated each at $0.5 per acre per annum. 
Five hundred pounds per acre per annum of 10-10-10 fertilizer was 
applied In the experiment from which data on yield were collected. The 
price of this fertilizer as quoted by Cooper's Mill, Inc., In Ames, Iowa 
Is $78 per ton. For this study a low of $78 per ton and a high of $80 
per ton were chosen. The Incurred fertilizer cost per acre is $20 at 
high cost and $19.5 at low cost. 
Harvesting cost Harvesting cost is a function of yield, harvest­
ing rate and wage rate. Based on a lengthy discussion with an extension 
officer, it was assumed for this study that a man using a portable silage 
chopper will harvest approximately a ton in three hours and a machine with 
one-man crew will harvest approximately the same amount in one hour. Wage 
rates at a low of $1.75 per hour and a high of $2.00 per hour were used. 
Harvesting cost was then expressed as shown below: 
HA - (Q/HR) (WE) 
where 
HA = harvesting cost 
Q " yield 
HR • harvesting rate 
WR - wage rate 
Harvesting costs for the various options are shown in Tables 4 through 12 
in Chapter IV. 
Hauling cost Hauling costs of $1.75 (low) and $2.00 (high) per ton 
were used in the model assuming hauling distance is within 30 miles of 
production site. 
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Machine coat A machine has not yet been deatigned for mechaniza­
tion of silage sycamore production. Engineers at Jool# Deere have expressed 
the possibility of such a machine, but are skeptical! abovit suggesting a 
probable price. Nonetheless, indications are that nsaicfilxes used for 
Cottonwood planting and harvesting are suitable for %iechjnlzatlon of silage 
sycamore production. The quoted price of such a as shown in 
McKnight (41) is $62,975. 
From informal talks with professors in the agr:i«.cultiiral engineering 
and industrial engineering departments, about 16 seems the probable 
lifespan of such a machine. 
For labor intensive technique a silage chopper-ttfas used for harvest­
ing. The price of this was estimated to be $3,000 aund. trhe lifespan was 
also taken to be 16 years. 
Investment in machines would be made at three d|lfferent times during 
the 48-year period; one at the beginning (year 0),, the second after 16 
years and the third after 32 years. In order to gest; the present value of 
such investment, the following formula is adopted: 
VQ • r + r[(l + 1)^  - 1] 
1(1 + 1)^  - 1](1 + D® 
where 
Vg = present value of total Investnuiient on machines 
r • initial value of machine 
t - 16 years 
8-32 years 
1 = interest rate 
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Costs for slash pine 
The coats Incurred In slash pine production under the assumed regime 
are listed below: 
seedbed preparation $ 14.82 per acre 
cutting to release young growth $ 14.55 per acre 
taxes $ 0.50 per year/acre 
protection cost $ 3.00 per year/acre 
sales administration $ 1.00 per acre 
harvesting $292.00 per acre 
Except for harvesting cost, these costs were fully estimated by Yoho and 
Fish (63) and Yoho et (62). Harvesting cost was taken from Zasada 
and Aim (64). 
Interest rate 
Aa Interest rate of 6 percent was 
Is commonly used In forestry studies. 
Carlisle and Telch (8) and Duerr (11). 
rate of 5-6 percent (32). 
chosen for this study. This rate 
Such studies Include the work of 
It also falls within the suggested 
Price per unit output 
Revenues were calculated by multiplying outputs by output prices. 
For silage sycamore delivered In chips, prices of $8 per ton, upper limit, 
and $6 per ton, lower limit, were used In this study. These prices were 
estimated from Dutrow (13). For slash pine, a delivered price of $17.15 
par ccrd vas givar. by Hutchinc (27b) nr.d used for this study = Output? 
used for silage sycamore were given In Chapter II and that used for slash 
pine Is given in Appendix C. 
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CHAPTER IV: BELATIVE PROFITABILITY OF INTENSIVE CULTURE 
In order to maximize returns, which Is the basic goal of farm 
business, the farmer Is faced with a major management task of organizing 
his limited resources Into the most profitable operational unit. The 
farmer must decide which practice will give the greatest returns. The 
objective of this section, therefore, is to determine which of the various 
options of producing pulpwood through the intensive cultural management 
system gives the highest present net worth, and to explain the Implica­
tions of the factors involved. This section will also compare the 
intensive and conventional management systems in terms of their present 
net worths and land utilization. 
As described in Chapter II, three elements in the intensive management 
system are considered at alternative levels: spacing ("a"), length or 
cutting cycle ("b") and the degree of mechanization ("c"). In addition to 
variation in these three elements, both product price and costs are con­
sidered at alternative levels. 
Present-net-worths are calculated for high, medium and low estimates. 
The high estimates were obtained by combining all costs at their low 
levels with high product price, while the low estimates, on the other 
hand, were obtained by combining all costs at their high levels with low 
product price. The medium estimates were obtained by determining the 
average of all 256 possible combinations of assumed cost and price levels. 
The seven cost elements and the price level described in Chapter III were 
combined at low and high levels by the computer to obtain the possible 
256 estimates. 
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The analysis Is carried out at two stages. First, the present-net-
worths are determined for each option on the basis of a single rotation. 
Then they are determined for each option on the basis of a common invest­
ment period. A single rotation represents a complete pattern in terms of 
operations applied and yield realized. Present-net-worth determined on 
the basis of one rotation more directly reflects costs Incurred and 
revenues realized within a given rotation. For purposes of comparative 
appraisal of alternatives, however, it Is essential to analyze all options 
on the basis of a common Investment period. 
The costs of machines and land are not included in the calculation of 
the present-net-worth in that in comparative analysis fixed costs are 
common to all alternatives and thus Irrelevant to the choice among such 
alternatives. However, after those options with positive present-net-
worths are determined the cost of machine is Incorporated in the analysis 
to obtain the break-even point. That Is what the scale of operation must 
be in order that the cost of machine can be absorbed. 
Results of Computation and Discussion 
Applying the formula of present-net-worth for a single rotation as 
presented in Chapter III the following results are obtained. The estab­
lishment costs occur once at the beginning of each rotation, the annual 
costs occur once every year, harvesting and hauling costs occur once at 
the end of each cutting cycle and revenues occur also once at the end of 
eticli cuuuliig cycle. Seslizatlcn cf the tire cf occurrence of conta 
is very Important in the calculation of present-net-worth. 
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Single rotation 
Tables 4 through 12 show the costs, revenues and present-net-worths 
for the single rotations. First, the costs of establishment differ for 
the different spaclngs because different numbers of trees are planted per 
acre and hence different costs are Incurred for the purchase of nursery 
stock and also for planting. Also for the same spacing, different estab­
lishment costs are Incurred for the different degrees of mechanization. 
This Is due to the fact that the planting rates and hence the planting 
costs differ for the labor Intensive and the capital Intensive methods. 
As we examine each technique of production, the establishment cost 
decreases as less trees are planted per acre. 
Within the single rotations both revenue and harvesting costs vary 
directly with density. The more trees planted per acre the greater the 
yield and hence the greater the harvesting costs and also the greater the 
revenue. This, however, does not necessarily imply higher present-net-
worth as will be seen later. 
On a single rotation basis, the present-net-worth Increases with 
longer rotation as shown in the tables. However, within a 48-year 
investment period the number of rotations will vary with the length of 
the cutting cycle. For a more effective comparison, therefore, we should 
examine the options on a common Investment period. 
Common investment period 
The present-net-worths for all the options were calculated for a 
common investment period of 48 years by treating them as a series of 
rotations within a terminable periodic series using the formula developed 
Table 4. Costs, revenues and present-net-worth for single rotation, 8-year rotation, high estimate 
dollars/acre 
Options 
Es tabllshment 
costs 
(oace within 
a rotation) 
Harvesting and 
hauling costs Revenues Present-
Annual (once within the (once with the net-worth 
costs cutting cycle) cutting cycle) (rotation) 
®1 ^ 1 '^ l 
1^ ^ 1 
33 bj_ c^  
4^ ^ 1 ^ 1 
ai b]_ cg 
2^ Cg 
®3 ^ 1 ^ 2 
34 Cg 
257.05 
160.52 
112.76 
93.37 
160.40 
122.20 
96.60 
88.80 
23.50 
23.50 
23.50 
23.50 
23.50 
23.50 
23.50 
23.50 
65.28 
63.38 
51.80 
39.56 
16.32 
15.88 
12.96 
9.80 
74.60 
72.40 
59.20 
44.80 
74.60 
72.40 
59.20 
44.80 
-367.09 
-278.74 
-235.90 
-220.73 
-147.29 
-109.61 
- 93.00 
-127.16 
Table 5. Costs, revenues and present-net-worth for single rotation, 8-year rotation, medium 
estimate dollars/acre 
Options 
Establishment 
costs 
(once within 
a rotation) 
Harvesting and 
hauling coats 
Annual (once within the 
costs cutting cycle) 
Revenues 
(once with the 
cutting cycle) 
Present-
net-worth 
(rotation) 
ai b^  cj 282.13 24.75 69.94 65.28 -450.18 
2^ ^ 1 C] 176.06 24.75 67.90 63.63 -342.87 
®3 ^ 1 
a4 bj_ C] 
ai b]_ c;. 
123.03 
101.15 
206.45 
24.75 
24.75 
24.75 
55.50 
42.13 
17.49 
51.80 
39.20 
65.28 
-288.12 
-257.80 
-209.32 
G 
32 bi Cj; 
33 bj! c,. 
34 bi C;, 
134.90 
106.30 
96.25 
24.75 
24.75 
24.75 
16.99 
13.86 
10.50 
63.63 
51.80 
39.20 
-124.71 
-143.09 
-164.51 
Table 6. Costs, revenues and present-net-worth for single rotation, 8-year rotation, low estimate 
dollars/acre 
Options 
Establishment 
costs 
(once within 
a rotation) 
Harvesting and 
hauling costs 
Annual (once within the 
costs cutting cycle) 
Revenues Present-
(once with the net-worth 
cutting cycle) (rotation) 
®1 ^ 1 C], 
32 bi cj 
as b^ Cy 
H 1^ H 
ai bi C2 
32 bi cj 
®3 ^ 1 c; 
34 bi Cj 
307.20 
191.60 
133.30 
108.92 
219.20 
147.60 
111.40 
95.70 
26.00 
26.00 
26.00 
26.00 
26.00 
26.00 
26.00 
26.00 
74.60 
72.40 
59.20 
44,80 
18.65 
18.10 
14.80 
11.20 
55.96 
54.30 
44.40 
33.60 
55.96 
54.30 
44.40 
33.60 
-525.98 
-408.72 
-340.28 
-304.83 
-300.98 
-209.58 
-176.29 
-196.32 
Table 7. Costs, revenues and present-net-worth for single rotation, 12-year rotation, high estimate 
dollars/acre 
Options 
Establishment 
costs 
(once within 
a rotation) 
Harvesting and 
hauling costs 
Annual (once within the 
costs cutting cycle) 
Revenues 
(once with the 
cutting cycle) 
Present-
net-worth 
(rotation) 
ai bg 
32 bg C] 
33 bg Cj 
H ^2 Cj. 
ai b2 c;, 
2^ 
2^ c;: 
*4 ^ 2 C;, 
257.05 
160.52 
112.76 
93.37 
160.40 
122.20 
96.60 
88.80 
23.50 
23.50 
23.50 
23.50 
23.50 
23.50 
23.50 
23.50 
149.63 
131.95 
106.23 
77.03 
37.41 
32.99 
26.56 
18.51 
171.00 
150.81 
121.41 
84.60 
171.00 
150.81 
121.41 
84.60 
-398.45 
-307.90 
-269.83 
-270.48 
- 70.06 
- 34.20 
- 53.48 
-118.82 
Table 8. Costs, revenues and present-net-worth for single rotation, 12-year rotation, medium 
estimate dollars/acre 
Options 
Establishment 
costs 
Conce within 
a rotation) 
Harvesting and 
hauling costs 
Annual Conce within the 
costs cutting cycle) 
Revenues 
Conce with the 
cutting cycle) 
Present-
net-worth 
(rotation) 
ai bg cj 
a2 b2 ci 
33 b2 ci 
H bg (=1 
2^ ^ 2 
2^ 2^ 2^ 
3^ t>2 C2 
2^ ^ 2 
282.13 
176.06 
123.03 
101.15 
206.45 
134.90 
106.30 
96.25 
24.75 
24.75 
24.75 
24.75 
24.75 
24.75 
24.75 
24.75 
160.31 
141.38 
113.84 
79.31 
40.08 
35.35 
28.46 
19.83 
149.58 
131.88 
106.23 
74.04 
149.58 
131.88 
106.23 
74.04 
-517.90 
-408.59 
-350.59 
-322.56 
-171.68 
-115.33 
-118.73 
-160.73 
Table 9. Costs, revenues and present-net-worth for single rotation, 12-year rotation, low estimate 
dollars/acre 
Options 
Establishment 
costs 
(once within 
a rotation) 
Harvesting and 
hauling costs 
Annual (once within the 
costs cutting cycle) 
Revenues Fresent-
(once with the net-worth 
cutting cycle) (rotation) 
ai bg ci 
&2 2^ ®1 
®3 ^ 2 
a^  bj c^  
ai \>2 C2 
a.2 b2 C2 
83 bj C2 
34 ^ 2 C2 
307.20 
191.60 
133.30 
108.92 
219.20 
147.60 
111.40 
95.70 
26.00 
26.00 
26.00 
26.00 
26.00 
26.00 
26.00 
26.00 
171.00 
150.80 
121.45 
84.60 
42.75 
37.70 
30.35 
21.15 
128.25 
113.10 
91.05 
63.45 
128.25 
113.10 
91.05 
63.45 
-637.78 
-508.87 
-431.35 
-382.61 
-267.06 
-196.06 
-183.97 
-210.31 
Table 10. Costs, revenues and present-net-worth for single rotation, 16-year rotation, high estimate 
dollars/acre 
Options 
Es tablishment 
costs 
(once within 
a rotation) 
Harvesting and 
hauling costs 
Annual (once within the 
costs cutting cycle) 
Revenues Fresent-
(once with the net-worth 
cutting cycle) (rotation) 
ai b3 ci 
32 bg ci 
®3 ^ 3 ^ 1 
H 3^ (=1 
ai î>3 (=2 
&2 3^ ^ 2 
3^ ^ 3 ^ 2 
34 b3 C2 
257.05 
160.52 
112.76 
93.37 
160.40 
122.20 
96.60 
88.80 
23.50 
23.50 
23.50 
23.50 
23.50 
23.50 
23.50 
23.50 
233.62 
200.20 
187.22 
123.73 
58.41 
50.00 
46.68 
30.93 
277.00 
228.60 
213.40 
141,40 
277.00 
228.60 
213.40 
141.40 
-417.30 
-332.30 
-289.67 
-289.98 
107.95 
53.76 
51.72 
- 70.65 
Table 11. Costs, revenues and present-net-worth for single rotation, 16-year rotation, medium 
estimate dollars/acre 
Options 
Establlshment 
costs 
(once within 
a rotation) 
Harvesting and 
hauling costs 
Annual (once within the 
costs cutting cycle) 
Revenues 
(once with the 
cutting cycle) 
Present-
net-worth 
(rotation) 
1^ ^ 3 
3^ ^ 1. 
33 bg Cj 
34 b 3 C-
*1 bg C;) 
32 b^  c) 
33 b3 C2 
282.13 
176.06 
123.03 
101.15 
206.45 
134.90 
106.30 
24.75 
24.75 
24.75 
24.75 
24.75 
24.75 
24.75 
250.31 
214.31 
200.31 
132.50 
62.56 
53.56 
50.01 
233.64 
200.04 
186.72 
123.72 
233.64 
200.04 
186.72 
-608.92 
-536.62 
-452.05 
-423.08 
- 64.63 
- 68.47 
- 52.58 
3^  b3 C2 96.25 24.75 44.14 123.72 -106.87 
Table 1/!. Costs, revenues and present-net-worth for single rotation, 16-year rotation, low estimate 
dollars/acre 
Options 
Establishment 
costs 
(once within 
a rotation) 
Harvesting and 
hauling costs 
Annual (once within the 
costs cutting cycle) 
Revenues Fresent-
(once with the net-worth 
cutting cycle) (rotation) 
ai b3 C] 
32 b3 c-
33 bg c. 
34 bg c, 
31 b3 CJ. 
32 bg c., 
33 b3 C;, 
^3 
307.20 
191.60 
133.30 
108.92 
219.00 
147.60 
111.40 
95.70 
26.00 
26.00 
26.00 
26.00 
26.00 
26.00 
26.00 
26.00 
267.00 
228.60 
213.40 
141.40 
66.25 
57.15 
53.35 
35.35 
200.24 
171.44 
160.04 
106.04 
200.24 
171.44 
160.04 
106.04 
-806.01 
-674.66 
-608.92 
-538.29 
-181.92 
-176.80 
-168.00 
-271.68 
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In Chapter III. Table 13 shows the present-net-worth of the terminable 
periodic series of rotations. 
Table 13. Present-net-worth of the terminable periodic series of rotations 
(48 years), dollars per acre* 
Option High estimate Medium estimate Low estimate 
ai bi ci -924.70 -1,134.00 -1,324.94 
*2 ^ 1 -702.15 - 863.70 -1,029.57 
as bi CI -594.23 - 725.77 - 857.17 
H bi ci -556.02 - 649.40 - 767.87 
ai b2 ci -743.91 - 966.92 -1,190.73 
a2 b2 ci -574.85 - 762.84 - 950.06 
®3 ^ 1 ®1 -503.77 - 654.55 - 805.33 
H ^2 °1 -504.99 - 602.22 - 714.33 
ai b^  ci -653.91 - 954.18 -1,263.02 
®2 ^ 3 *^ 1 -520.71 - 840.88 -1,057.19 
*3 ^ 3 -453.91 - 708.36 - 954.18 
*4 ^ 3 ci -454.40 - 662.97 - 843.50 
ai bj^  C2 -371.02 - 527.28 - 758.17 
®2 1*1 C2 -276.11 - 314.14 - 527.93 
®3 ^ 1 ^ 2 -234.27 - 360.44 - 444.07 
H C2 -320.32 . - 414.40 - 486.97 
a^  b2 C2 -130.80 - 320.53 - 498.60 
82 1'2 ^ 2 - 63.85 - 215.32 - 366.04 
a3 b2 C2 - 99.85 - 221.67 - 343.47 
a^  ^ b2 C2 -221.84 - 300.08 - 392.65 
ai bg Cg 169.95b - 101.28 - 285.07 
®2 ^ 3 ®2 84.24b - 107.29 - 277.05 
®3 1*3 C2 81.05b - 82.39 - 263.26 
H 3^ C2 -110.71 - 167.47 - 425.72 
o^t including fixed cost. 
E^stimate at which production Is profitable. 
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Implication of the results The results can be interpreted with 
reference to the labor intensive technique versus the capital intensive 
technique, the relationships between densities and the relationships 
between cutting cycles. 
Capital and labor In all the options the capital intensive 
technique is more profitable than the labor intensive technique. While 
the present-net-worth of the labor-intensive technique ranges from -$454 
to -$925 at high estimate, with capital intensive technique the range is 
from $170 to -$371. 
To understand why the labor intensive technique is less efficient 
than the capital intensive technique, it is necessary to examine more 
closely the major costs incurred as compared with the capital intensive 
technique. First to be considered is the planting cost. For a 1x4' 
spacing, 10,890 trees per acre are planted. At a planting rate of 1,200 
trees per man-day, almoat 73 man-hours are needed to plant an acre. The 
incurred cost, therefore, is $127 at $1.75 per hour wage rate, or $145 
per acre at an hourly wage rate of $2.00. 
Harvesting constitutes another major cost. For example, with a 
2-year cutting cycle, the four harvestings in an 8-year rotation cost 
about $195 per acre at an hourly wage rate of $1.75. The combined 
planting and harvesting costs for an 8-year rotation are around $323 per 
acre. This figure is about 279% of the combined planting and harvesting 
costs of the capital intensive technique for the same rotation. These 
ccsts arc shcvn in Table 1^ . In c2ser.ce the drudgery of "enual iAl>or 
necessitates the employment of many hours of labor per acre of activity. 
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Table 14. Comparison of density-dependent costs of four different 
densities for 8-year rotation 
*1 *2 *3 H 
Spacing 1x4' 2x4' 4x4' 6x4' 
Number of trees per acre (density) 10,890 5,445 2,722 1,815 
Trees planted per day 
labor 1,200 1,200 1,200 1,200 
machine (two-man crew) 6,048 6,048 6,048 6,048 
Hours needed for planting/acre 
labor 72.6 36.3 18.14 12.1 
machine (two-man crew) 14.4 7.2 3.6 2.4 
Planting cost (dollars/acre) 
labor 127.05 63.75 31.76 21.18 
machine (two-man crew) 50.40 25.20 12.60 8.40 
Harvesting cost (dollars/acre)(rotation) 
labor 195.83 190.05 155.40 117.60 
machine 65.28 63.52 51.80 39.20 
Combined planting and harvesting cost 
labor 322.88 253.80 187.27 138.78 
machine 115.68 88.72 64.40 47.60 
Labor cost as percent of machine cost 279% 286% 291% 292% 
One point that should be mentioned Is that there Is no Indication that 
the level of technology employed Is the optimal one. There may be an 
Intermediate technology that will call for a change In capital-labor ratio 
as a means of lowering cost and Increasing profits. 
What has been analyzed in this study may be represented by Figure 2, 
where the capital intensive technique and the labor intensive technique 
may be designated as points R and S, respectively, in the diagram. 
However, point J brings about some marginal rate of technical substitution 
between capital and labor that reduces the cost of production for a 
HkipuliiLeJ ûuLpuL. 
Âlthou^  different ranges of technology do not exist at present to 
enable us to work out different capital-labor ratios, it is essential to 
C a p i t a !  
K  
K  
K  
L a b o r  
Figure 2. Choice of alternative factor combinations 
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explore the possibility of a technology that will not Involve too high a 
capital expenditure and may use some more labor In order to lower the 
cost of production and hence Increase profits. 
Rotation length Ccutting cycle) The longer the rotation 
lengths the better the opportunities for Investment. From Table 13 we 
can see that for the labor intensive technique, holding density constant, 
for example at 1x4' level, present-net-worths range from -$925 to -$744 
to -$654, respectively, for 2-year, 3-year and 4-year cutting cycles. 
The same is true for the capital intensive technique where present-net-
worths range from -$371 to -$131 to $170, respectively, for 2-year, 3-year 
and 4-year cutting cycles. 
Inasmuch as present-net-worth rises consistently as the length of 
cutting cycle is Increased, the data suggest that the optimum length of 
cutting cycle may be greater than four years, the maximum cutting cycle 
Included in this study. It should be recognized, however, that the 
technology of silage sycamore will undoubtedly impose limitations on 
the size of stem harvested and thus on the length of cutting cycle. 
Beyond a given size of stem, harvesting costs may begin to rise, perhaps 
quite steeply. Design of harvesting machinery may impose an absolute 
limit to the size of stem. 
Density In general, the closer the spacing the greater the 
yield. However, in terms of present-net-worth, the effect of the densities 
cannot be Isolated from the cutting cycles and the technique of production 
the cutting cycles and the technique of production. Under a 2-year cutting 
cycle, there are no substantial differences between the yields of the four 
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different densities. However, when a labor Intensive technique is used 
the differences in coat of planting are great and hence present-net-worth 
decreases as densities Increase. As shown in Table 13 the present-net-
worths for 1x4', 2x4', 4x4' and 6x4' are -$925, -$702, -$594 and -$556, 
respectively, for the 48-year investment period. For the capital intensive 
technique, because the cost of planting has been radically reduced, the 
4x6' density shows better than the 4x4' density. This is because the 
extra yield of the latter over the former has been more than offset by 
higher planting cost. 
Under the 3-year cutting cycle and the 4-year cutting cycle, the 
differences in yields of the four densities become more significant. 
In both cases and under the labor intensive and capital Intensive tech­
niques, the 6x4' density gives the least present-net-worth. This 
apparently is due to the fact that the. yield from that density is 
disproportionately smaller than the yields from the other densities as 
compared to planting costs of these densities. Under these two cutting 
cycles the remaining three densities, 1x4', 2x4' and 4x4', show the 
relationship described earlier; that is, the closer the spacing the lower 
the present-net-worth when using the labor intensive technique. 
Using the capital Intensive technique the situation is different. 
Iftider a 3-year cutting cycle the 2x4' density gives the best present-net-
worth, followed by the 4x4' density and then the 1x4' density. Under a 
4-year cutting cycle the closest density gives the maximum present-net-
reasoning is that under the 4-year cutting cycle, the yields resulting 
from the higher densities have really established significant positive 
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differences and hence revenues resulting from them are significantly 
higher. Also under the capital Intensive technique, unlike the labor 
intensive technique, the cost of planting being low does not exhibit 
such a great difference from one density to another and hence the 
present-net-worths Increase as the density gets higher. 
One general conclusion that can be drawn from this Is that the 6x4' 
density gives too low a yield to be commensurate with the costs Involved 
and hence gives a higher negative present-net-worth than other densities. 
For the other densities one has to look at a particular cutting cycle and 
method of production in order to make any specific statement about their 
impact. It is true, however, that longer cutting cycles under capital 
intensive technique favor high densities, but under labor intensive 
technique favor low densities. 
Minimum needed area 
In the three options that give positive present-net-worths, it is 
necessary to determine what the scale of operation should be in order to 
absorb the high cost of machines. The number of acres necessary to 
absorb the cost of machines can be termed the break-even point, and pro­
duction beyond this point will give a positive present-net-worth net of 
cost of machines. 
To get the break-even point we divide the present value of machines, 
as calculated using the formula given in Chapter III, by the present-net-
worth of the option considered. 
Table 15 shows the minimum needed area for the three options that 
gives positive present-net-worth. Because of the high cost of equipment 
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and the low returns from silage sycamore production, a substantial area of 
land is needed for profitable production. For the best option (capital 
Intensive technique using 4-year cutting cycle and a 1x4' spacing), 576 
acres need to be grown before profit is earned. The other two options, 
3^ ^ 2 3^ ^ 2> require 1,162 acres and 1,207 acres, respectively, 
before profit is made. 
Table 15. Minimum area needed to break-even with costs of equipment for 
the profitable options 
Present value Present-net-worth Minimum 
of costs per acre area 
Options of equipment (48 years) needed 
ai b^  cg 97,819 169.95 576 
a2 bg C2 97,819 84.24 1162 
ag bg C2 97,819 81.05 1207 
Increasing the profitability of unprofitable options 
If enough capital is available to purchase the necessary equipment for 
the capital intensive technique, a rational farmer will adopt the option 
that provides the greatest present-net-worth. However, where capital is 
limited and labor is available, it is necessary to investigate the condi­
tions where the labor intensive techniques can be profitable (assuming 
labor wage rate remains the same). Chances for profitability can be 
enhanced under two conditions. One is an increase in productivity due 
to cultural or genetic improvement. The other is the possible Increase 
xn prouucL prxcti xi. xucuxxcu ûwouâ lêm&iîî âu wllc IcVcl. 
the interest rate will also increase present-net-worth. 
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Values were computed for the Increases in productivity or price 
necessary to render the labor intensive technique profitable. If the 
required increase in either productivity or price is too high, investment 
opportunities are described as unattractive. Considering productivity, 
a 25 percent increase in productivity seems a reasonable estimate of 
increase due to genetic or cultural improvement. This, of course, does 
not include the application of fertilizer, a factor that has already been 
Incorporated Into the study. Thus, if the required Increase in productiv­
ity is in excess of 25 percent, making production profitable will be 
Impossible. From the computer run it was found that at a 300 percent 
increase In yield, production with labor intensive technique is unprofit­
able. 
Since increases in productivity within reasonable levels fall to 
render the labor Intensive technique profitable, the other alternative is 
a possible Increase in product price. Again from the computer run it is 
shown that at the present levels of yields and Incurred costs, prices 
must be between $12 and $19 per ton for production of silage sycamore by 
labor intensive techniques to be profitable. From the trends in wood 
markets, a price of $12 per ton is a very unlikely expectation. In 
essence, therefore, prospective chances of profitable silage sycamore 
production with labor intensive techniques are low. 
In general, returns from silage sycamore production are low. From 
the study it can be seen that only three options show positive present-
net—T'Torthi Even for th® bçstr opt5op; O'niy nbOT'*" $170 per acre la earned 
in terms of present value not including the cost of machines. This 
result is in line with the result of an earlier study carried out by 
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Dutrow (13) who summarized his conclusions as follows: 
Best estimates of costs and returns indicate that some 
wood processors would find the growing of silage 
sycamore profitable. Success, however, requires 
substantial expenditures for heavy equipment and 
allocation of 4,000 to 8,000 acres to the project. 
Unless establishment costs can be substantially 
reduced and a market created, the system will not be 
economically feasible for nonindustrial landowners. 
In a section of his paper he wrote: 
Individuals contemplating profits from silage 
sycamore in stumpage market face bleak prospects. 
In most of the 72 options, present-net-worths were 
negative, indicating losses. Even at discount 
rates of three percent, the present-net-worths did 
not cover the cost of seedlings. 
We should agree, however, that as knowledge progresses in the concept 
of intensive cultural management, genetic improvement in tree species and 
better cultural treatment can greatly Improve the yields of silage 
sycamore. This possible increase in yields coupled with a better tech­
nology that can reduce the costs of operation, and possibly a better 
market for silage sycamore chips, can greatly increase the profitability 
of investment. 
Comparisons of silage sycamore and slash pine production 
One of the major tasks facing forestry in the context of the environ­
ment today is how it can contribute to the solution of conflicting land 
uses. In view of this important issue it is necessary to investigate, 
along with other factors, the land utilization aspect of the intensive 
cultural system versus the more conventional cultural system. 
Project goal In order to effectively compare these two management 
systems, it is necessary to set a project goal (or output level) to be 
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attained. From this we can determine the present-net-worth resulting from, 
and the land utilization pattern of, the two systems on an equal basis. 
For this study, a project goal of 1.0 million tons of pulpwood (or 
equivalent of 354,610 cords) is assumed. This project goal Is arbitrarily 
chosen, but It Is true that a proportional Increase or decrease in the 
project goal will result in a proportional increase or decrease in the 
values of present-net-worths and area of land. 
The values for present-net-worth and the area of land used for each 
management system are computed and shown in Table 16. The option used 
for silage sycamore production is the one combining a capital intensive 
technique, 4-year cutting cycle and a 1x4' spacing (a^  bg C2)> and slash 
pine is produced from a 24-year rotation length using a spacing of 700 
trees per acre. 
Table 16. Comparison of the two management systems 
Tree 
species 
Farm 
size 
(acres) Output 
Invest- Present-net-worth (dollars) 
ment 
period for total output per acre 
Silage sycamore 2,498 1 million 48 years 
(tons) 
Slash pine 3,316 354,610 48 years 
(cords) 
326,716* 
357,564 
130.79 
107.83 
h^ls value is present-net-worth after the cost of equipment has been 
deducted. 
Result From Table 16 it can be concluded that slash pine produc­
tion Is lass profitable thsn silage cyczzcrs production; The prea*nt-net-
worth of the former is about 82 percent of the latter on per acre basis. 
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This difference may be widened further as progress is made in research in 
the intensive cultural management system. 
The advantage of the intensive cultural management system over the 
more conventional management system goes beyond greater value per acre. 
It can play a great role in solving the problem of land use conflicts. 
For the same output level, silage sycamore production uses 818 acres of 
land, which is 25 percent, less than the area required for slash pine 
production. 
It is apparent that Americans have been participating in outdoor 
recreation at an ever-increasing rate. Recreation as a consumer good 
requires factors of production if it is to be provided. Thus demand for 
outdoor recreation creates a "derived demand" for certain natural, human 
and capital resources, among which land is an important one. Intensive 
cultural management practice, through the release of forest land, can 
help meet some future resource needs for outdoor recreation. Also it can 
ease the problem of land scarcity resulting from urban expansion. 
The intensive cultural management system can play a more productive 
role in meeting the market demand for pulp and paper. The projected demand 
for forest products, like most long-term forecasts, may not give an 
accurate estimate of demand when the target period is reached. As the 
actual demand levels are known, it is easier to regulate production 
towards the trends of market demands using an intensive cultural management 
system because of the short rotation, than using the conventional manage­
ment systcs itc cr.aracteristic long rotetion. 
Also, because the intensive cultural management system requires a 
substantial investment in machinery, it can help in regional economic 
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development In that demand for machinery by the forestry sector will lead 
to expansion of output by the industries producing these products, which 
in turn will lead to more employment and regional economic growth. 
63 
CHAPTER V: LOCATION DECISIONS 
The Influence of location upon the economic activities of the firm 
has received only limited and Intermittent attention throughout the 
development and refinement of economic theory. Historically, the main 
stream of Interest has been directed toward problems related to static 
analysis In time and space. The tendency to disregard space In economic 
analysis Is reflected In the general neglect of transfer costs In detailed 
studies of the Individual firm. Typically, such costs have been treated 
as a part of production and thus were not accorded separate consideration. 
From the viewpoint of nonspace economics, it is assumed that com­
petitive strategies of the individual firm are formulated in space vacuum. 
While such an assumption may be permissible for certain purposes, it is 
clear it must be dropped when the objective is a realistic evaluation of 
the action of the firm. Location must figure prominently in formulating 
management strategies, and the selection of a suitable location is a 
problem of primary importance. 
The objective of this chapter is to identify the most Important fac­
tors to be considered in locating silage sycamore farms, and to relate 
intensive cultural management system to location of pulp mills. 
Contributions to Location Theory 
The origin of modern location theory is traced to the early contribu­
tion of Von Thunen (57), whose major work is essentially an explanation of 
locatlonal forces in agricultural production. Von Thunen's model la 
concerned primarily with the role that transportation costs play in 
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allocating the land resources found at varying distances from market 
between different agricultural uses. Von Thunen recognized that transpor­
tation costs Involve not only the transfer of produce to market but also 
the time, effort and Inconvenience associated with moving workers and 
supplies to and from various production sites. With this reasoning, he 
Indicated that the first zone around his central city would be used for 
garden plots and other Intensive uses which call for considerable care and 
travel on the part of villagers. The second and third zones were allocated 
to uses Involving heavy, bulky and hard-to-transport commodities, while 
those uses involving more easily transported products were located at even 
greater distances from the city. The arrangement of the concentric land 
use zones in this model strongly reflects the Influence of transportation 
costs and convenience considerations. 
Von Thunen's early contributions to location theory were followed by 
those of Weber (59a). Unlike Von Thunen's theory, that of Weber is 
oriented primarily toward industry. He recognizes three general factors 
of location: transportation cost, labor cost, and agglomerating or 
deglomerating forces. He regards transportation and labor costs as 
general regional factors, while the agglomerating force is considered to 
be a general local factor. The regional factors distribute industries 
over the land surface, locating them at places of "lowest regional costs." 
Agglomerating factors tend to dxaw together the industries of a region 
into concentrated groupings. 
Weber's method requiresi flr?t; BAlectlon of those sources of raw 
materials and fuel which Involve transportation cost to a given consuming 
center, thus forming what Weber refers to as "location figure" of Industry, 
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consisting of the consuming point and the designated sources of raw 
materials and fuel. The second step Is the determination of that point 
at which the lowest total transportation cost will be Incurred with respect 
to this location figure. Variation In labor cost must be recognized as 
potentially exerting a locatlonal pull. 
Weber's third general factor, the agglomerating or deglomeratlng 
force, tends to draw Industry together or to disperse it, thus counteract­
ing or intensifying the decentralizing tendencies of his general regional 
factors, transportation and labor. Agglomerating factors such as savings 
due to economies of size, proximity of auxiliary industries or better 
marketing outlets have a localizing effect. The chief deglomeratlng 
factor is rent, which Increases with Increasing local concentration of 
Industries and thus exerts a counteracting Influence toward dispersal. 
In the 1920's, Predohl (44) attempted to fit location theory into the 
framework of general economics by developing the proposition that the 
principle of substitution as utilized in general equilibrium economics can 
explain the location of all economic activity. In emphasizing the rele­
vance of substitution in the location process, Predohl opened up an 
approach which has been further developed by later writers. 
Hoover (26) makes reference to demand determinants as well as cost 
factors. However, his theoretical system is developed largely in relation 
to cost. He classifies the cost consideration related to location under 
two headings: transportation factors and production factors. Cost 
related to prccurcssnt cf rsv zaterlsls snd cost of dietribufin» of 
finished product are transport costs. Institutional cost factors and 
agglomeratlve forces are dealt with as related to production costs. The 
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basis of Hoover's theory Is that the locatlonal choice Is a problem of 
substitution among transport and production costs with the objective of 
minimizing these costs. 
Hoover's work on land use competition Is more In line with this study. 
According to Hoover, a producer requires a site on which to operate and 
can afford to pay different rents for different sites, depending on their 
advantages for his business. The advantages are of two sorts; in some 
uses the value of a site depends primarily on the access the site affords 
to other parties with whom the occupant may want to trade. A good site in 
this sense Is one entailing low transfer costs. At the other extreme are 
types of land use for which transfer costs are unimportant compared with 
differences in processing costs at good and bad sites. The more valuable 
the product In relation to its distribution costs per mile, the greater is 
the significance of resource quality as against access to markets. 
Insofar as there really Is competition and an active and informed 
pursuit of maximum Individual advantage, better sites will bid up in rent 
and purchase price. Complete competitive equilibrium would imply that 
rents on better sites were Just enough higher to offset the advantages of 
those sites to the highest bidder, so that no producer would have any 
further incentive to move. 
The landowner will attempt to exact the maximum rent any user will 
pay for the site or, if he uses it himself, he will choose a form of use 
that yields as great a return on the land as possible. Thus the outcome 
nf rnmnpti ci nm for the Hmi ted and immobile supply of land tends to 
allocate each site to the user and the type of use capable of paying the 
highest rent per acre. 
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The level of transfer costs naturally influences the slope of rent 
gradients. When transfer la costly, the celling rent for any given kind 
of use drops off rapidly with increasing distance. Along a route of cheap 
transfer, the corresponding rent gradient is relatively flat. 
Between different products, the slope of the rent gradient will differ 
according to the amount and transferability of the product produced per 
unit of land. Processes that yield a large volume of output per unit of 
land have relatively steep rent gradients. This is because each addition 
to distance adds a relatively large amount to the expense of distributing 
the products of an acre and thus makes a relatively large reduction in the 
rent eamable on an acre. 
Another aspect relating to the amount of rent the land can be made to 
earn is the sale value of the site. Speculation about expected future rate 
of earnings can raise the value of land in relation to present earnings. 
Barlowe (3) presents the argument of differences in fertility and 
topography as factors affecting land use patterns. He contends that there 
will be expansion of the concentric land use zones to the area of better 
fertility and a contraction in size of the zone of lower fertility. This 
is so because the higher yield and lower production costs on the better 
lands provide a larger economic surplus which can offset transportation 
cost. It seems that good fertility and poor fertility, as presented by 
Barlowe, will fall within agglomerating and deglomerating forces, respec­
tively, as presented by Weber. 
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Location Factors in Silage Sycamore Production 
Decision making relative to silage sycamore farm location requires 
information about some factors which must be accurately identified and 
evaluated. These factors Include availability of a pulpmill (which can 
be classified as a demand factor), availability of land, transportation, 
labor wage rate, input procurement, local taxes and financial assistance, 
and social overhead facilities. 
According to Perloff et al. (43), production activities are charac­
terized as being market oriented, material oriented or oriented to 
intermediate sites. They further expand these to include five cate­
gories : 
1. Activities that maximize their total access by orienting 
primarily to inputs 
a. resource inputs 
b. intermediate inputs 
c. market inputs 
2. Activities that maximize their total access by orienting 
primarily to markets 
a. final markets 
b. intermediate markets 
c. resource markets 
3. Activities that maximize their total access by selecting 
locations intermediate to inputs and markets 
4. Mixed location patterns 
5. Production activity without specific orientation. 
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While silage sycamore gives great latitude with respect to location, 
pulpmllls tend to be resource Inputs oriented primarily because of weight 
loss In processing. 
In approaching the location problem, the concept of the critical 
variable Is useful. Estimates of the costs and returns associated with 
the various locations may be arranged In ranking order with respect to 
their importance to the firm. The most Important factor may then be 
evaluated first. Some location requirements are more Important than 
others in that a relative shortage of one input may preclude further 
consideration of some areas. 
The range of choices la narrowed to those locations which appear to 
be acceptable with respect to all factors at some minimum level and are 
especially favorable to the most important factor, the critical variable. 
If this process falls to narrow the field to a single site, leaving a 
group of alternative sices which appear to be equally favorable, these 
alternative sites are evaluated in terms of the next most important 
variable, and so on until a single site is determined to be the most 
favorable. 
It should be emphasized that no single variable is a sufficient basis 
for a location decision. Each variable that the decision maker considers 
to have bearing upon the particular operational situation under review must 
be considered because any one could be a rejecting factor. 
The nature and factors of location decision differ among industries. 
These differences are che result of differenced in the yiae ul ylâûL, lu 
the competitive conditions within each industry, in the nature of the raw 
materials required, and in the nature of the markets to be entered (21). 
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Availability of pulpmllls 
Location theory suggests that growth In a given area's volume of 
economic activities is directly related to two factors : its access to 
Inputs of production at competitive costs and its access to markets for 
the outputs of production at competitive prices. In essence, demand for 
a product usually triggers the location decision. 
The first thing to consider, therefore, in the location of a silage 
sycamore farm is the geographical distribution and size of the pulpmllls 
in a given state or economic region. This is particularly so in the 
case where trees are grown solely to be sold to some other industries. A 
careful analysis of the geographical distribution of the market can help 
the decision maker achieve the lowest total cost of delivering his 
products to market. The influence of transfer cost is important as long 
as there are substitute markets for the same output. 
Availability of land 
Since silage sycamore production requires a substantial area of land 
to be profitable, the land factor is very important in location decision. 
In some uses the value of a site depends primarily on processing costs or 
site quality. In some other \ises the value of a site depends on the access 
the site affords to other parties with whom the occupant may want to trade. 
Silage sycamore falls into this latter category. As it has been mentioned 
earlier, there is great flexibility in the type of land on which silage 
sycamore can grow. It seems, therefore, that the crucial point here is 
the relative position, rather than the quality of the land. A good site 
in this sense is one entailing low transfer costs. 
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Various alternatives may Include land reserved by the Agricultural 
Stabilization and Conservation Service of the United States Department of 
Agriculture, open land formerly cropped, temporarily idle cropland and 
forest land that needs to be reforested. Nothing specific can be said 
about these alternatives until enough information is secured. Since the 
differences in total cost from region to region is an Important factor, 
it Is clear that regional comparative cost studies need to be carried out. 
In this case we need to "put all our eggs in the same basket" by examining 
all these needed facts regarding land at the same time. 
Transportation 
Although factors other than transportation exert considerable 
Influence upon the final selection of a specific site, without a well-
developed transportation system the number of alternative sites available 
for suitable locations would be significantly reduced. 
Accessibility is less a matter of distance in miles than of relative 
transportation costs. Where there are well-developed transportation 
facilities, cost per mile is likely to be lowor than where good transporta­
tion facilities are lacking. Land located close to highways may stand at 
competitive advantage over land that is not easily accessible. 
Labor 
While mechanization has reduced the amount of labor required, it has 
placed a high premium on the skill level required. In order to secure the 
Bcivicco ûl Che required labor at a raascnable wage rate, the décision 
maker will have to look for locations that might have a labor supply 
conducive to low cost production. These will include: 
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1. Places especially attractive from a consumer standpoint, i.e., 
having low living costs or such amenities as a pleasant climate 
2. Places where the nature of local employment and the size and 
structure of the local labor market develop an unusual productive 
or adaptable labor force worth more to the employer per man-hour. 
Labor, however, is not a crucial factor in silage sycamore production if 
the process is mechanized since relatively little labor will be required. 
Other factors 
Other factors that may be considered could include: 
1. The agglomeration or spatial configuration of a region. These 
are related to the existence within established centers of linked 
industries, social overhead facilities (particularly transport 
facilities), specialized business services and the like, as well 
as concentrated pools of labor. 
2. Supply of inputs, which in this case will be fertilizer, machinery 
and seedling stock. 
3. Local taxes and provision of financial assistance. 
It should be mentioned that location decisions concerning new pulpmills 
can be made with respect to the potentials of a silage sycamore farm in a 
given area. That is, the pulpmill industry would be orienting to input. 
The factors discussed above are not arranged necessarily in the order 
in which they should be considered. Each decision maker can assess which 
factor is most crucial and continue his analysis from that point. It is 
hoped that this framework will provide a useful guide in location decision 
making for silage sycamore farms. 
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Relevance of Intensive Management to Fulpmill Location 
The location of a pulpmill is based mainly on four factors: avail­
ability of raw material, power, water and proximity to markets for the 
finished products. Of these factors, water supply is very crucial in that 
pulp and paper industries require substantial amounts of water for 
processing of pulp, disposal of by-products and undesirable wastes, and 
generation of power. Because of these essential uses of water it is 
necessary for a mill to locate near a large body of water. In the location 
of a new mill the concept of an intensive cultural management system can be 
used to an advantage in the sense that production of silage sycamore (or 
any "short rotation species") does not require a particular type of site. 
As a result a new mill can locate near a large body of water and then the 
farm can be located as close to the mill as possible. This flexibility of 
silage sycamore site will result in very low transfer cost for the pulp 
and paper industry. This is an advantage over the conventional management 
system where timber production usually takes place in natural distribution 
of timber resources, resulting in most cases in the location of mills far 
from timber supply area due to nonavailability of water, and consequently 
resulting in high transfer cost. 
Also, where other locational factors are present in more than one 
location, the concept of intensive cultural management system can be of 
great advantage to a pulp and paper industry in the sense that it will not 
be subjected to the constraint of supply of raw material (timber) as it 
can locate sycamore farm relative to the choice of location of mills. 
Because of this the Industry can select the most advantageous among the 
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alternative sites, whereas If supply of raw material was a constraint It 
may count against the best site forcing the location of the mill In the 
"second best" site. 
With respect to existing mills, the intensive cultural management 
system can be of advantage In that greater yields can be obtained from an 
existing timber shed. As was shown earlier for a given output level the 
Intensive cultural management system uses less land than the conventional 
management system. It follows from this that for a given area of land 
the former will give greater yield than the latter. The advantage of this 
for an existing mill Is that Instead of getting additional raw material 
from another farm location and hence Increasing both transfer and 
administrative costs, additional yield can be obtained by converting the 
management system from conventional to Intensive. 
In summary, the concept of an Intensive cultural management has some 
relevance to pulpmlll location In that It brings flexibility to location 
of pulpmllls resulting In reduced transfer cost. It allows Industries to 
concentrate location decisions on other factors, and It can provide greater 
yield for existing mills per unit of land hence preventing a costly search 
for additional supply of raw material. 
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CHAPTER VI : APPLICATION OF AN INTENSIVE CULTURAL 
MANAGEMENT SYSTEM TO NIGERIAN FOBESTKÏ 
Lack of Investment in timber growing, unequal distribution of forest 
resources, rural unemployment and the need for development of pulp and 
paper industries are some major factors in Nigerian forest economy that 
call for the application of an intensive cultural management system. The 
purpose of this section is to expand on these problems and describe how 
an intensive cultural management system can help to alleviate them. 
Investment Problem 
Traditionally, forest resources have been looked upon for a long time 
in Nigeria as an inexhaustible gift of nature. Because of this there have 
been a lot of abuses and exploitation of the forest resources. Forest 
owners, usually large families, do not look at forests as something to 
manage. They consequently lease their forest lands to exploiting agencies 
which would be granted the exclusive cutting eights over a 25-year period. 
The forest owners in return receive fees and royalties which are arbitrar­
ily fixed but aimed to provide an average of 10 percent of the sale value 
of the logs of the prime species and less for the secondary species. 
As this practice continued, it was realized that the supply of some 
of the major timber was being exhausted and that for future supply these 
species will have to be replaced. The problem then becomes who is going 
to Invest in timber growing. Various state governments started some 
v-Ao nr»nci<--f 0 A noTront* nf ftlA fnfal foTAAf 1 And -
but this cannot fill the gap created by unscrupulous forest exploitation. 
Efforts to get individuals interested in timber growing have not been 
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successful because of the long cutting cycle and hence delayed return on 
Investment. 
Growth rates vary considerably from locality to locality even for the 
same species. To reach nine feet in girth, Obeche needs 42 years in one 
locality and 137 years in another. Khaya and Sapele need 88 years, Iroko 
about 100 years, and Guarea as much as 194 years (59b). Considering the 
fact that an average Nigerian farmer is poor, it is no wonder that he 
would not want to put his money in an investment that will probably not 
yield a return in his lifetime. 
The concept of an intensive cultural management system can help the 
Nigerian forest enterprise in two major ways. First, because of the 
radically reduced period of return on investment (3 to 5 years) the 
interest of farmers and industrialists as well can be wooed, and this can 
result in the long desired private Investment in timber growing. Another 
major advantage of the Intensive cultural management system in this aspect 
is that once Individuals are made interested in forest investment, it can 
be the beginning of an awareness of forestry as a business. If this 
happens, the whole outlook of the people in forest resources as being a 
free gift of nature that needs no management can greatly change. This in 
essence will lead to better management practices in the natural forest 
resource areas. 
Unequal Distribution of Forest Resources 
The saccnd factor that nccdc grccc attention le the vneqval Hiatrihn-
tion of forest resources in Nigeria. Nigerian forests are divisible into 
77 
two main types: the southern closed forest zone and the extensive northern 
savannahs. 
The southern closed forest zone lies entirely in the south and con­
sists of mangrove forest in the East, rain forest in the Calabar area, 
deciduous forests in the Midwest, and thick heavy evergreen rain forest 
and mixed deciduous (deciduous and evergreen) in the West. The forests 
provide almost all the valuable timbers in Nigeria. 
The savannahs take up as much as four-fifths of the entire country 
and occur largely in the northern part of the country. This zone yields 
very little in timber values. Firewood represents the major wood product. 
Communications» both land and water, with northern Nigerian markets 
are poor and this has caused severe restriction on the expansion of local 
sale and usage of timber products from the southern states. The charac­
teristic relative flexibility in site for silage sycamore production can 
be of great advantage. Since silage sycamore is said to do fairly well 
in almost any type of site, it seems that some of the vast land in the 
savannah zone can be used to grow silage sycamore. Thinking along this 
line it is worth the effort to carry out some research in the possibility 
of growing silage sycamore both as short rotation and fairly long rotation 
species. If these species can perform fairly well in this area it will 
alleviate the problem of uneven distribution of forest resources in 
Nigeria. 
Need for Pulp and Paper Industry 
The federal government and various state governments in Nigeria are 
Introducing ambitious education programs as a result of which the rates of 
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literacy are Increasing tremendously. This will lead to substantial 
Increases In cultural paper. Industrial growth will require increased 
supply of packaging paper and board of satisfactory quality. In order 
to enhance the implementation of educational and industrial programs, 
Nigeria will have to secure a supply of the needed materials. 
The newly completed Kalnji Dam can serve as a source of water and 
power for a pulp and paper industry. With respect to chemicals, limestone 
occurs In almost every province In Nigeria. Limestone deposits suitable 
for cement manufacture are located near Enugu, Abeokuta and Sokoto. A 
chemically pure limestone, almost a marble, is found near Lokoja. Sulfur 
is relatively scarce but this is easy to import. 
The great problem In the establishment of a pulp and paper industry In 
Nigeria is the supply of raw material. First, the heterogeneous botanical 
composition of the tropical rain forest, its large range of tree diameters 
and its diversifications in wood properties may be incompatible with the 
requirements of the pulp Industry for a continuous Inflow of relatively 
large quantities of fairly homogeneous fibrous raw materials. Also, no 
tropical hard species seem to have both long fibre and high c/w ratio. 
Consequently, pulp from tropical hardwoods alone cannot give a fibre 
finish of the quality required for strong "Kraft" papers and for this 
purpose may have to be mixed with coniferous pulp. 
Because of the big sizes of most tropical wood, and because of the 
characteristic personnel and equipment, harvesting costs are very high. 
All these problem? ahnv* limit the «ultablllty of tropical 
hardwoods as sources of pulp. As a result an alternative source of supply 
is called for. Silage sycamore can play a great role here. It is an 
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excellent source of pulp. Its characteristic high yield and relative 
small size can be of advantage to the Nigerian pulp and paper industry. 
Rural Employment 
The concept of silage sycamore production or intensive cultural 
management system was based on the fact that it has the advantage of 
the possibility of mechanization. The result of the study shows it is 
more economical to use the capital intensive technique than the labor 
intensive technique. 
When applied to the Nigerian situation, however, the reverse will 
be the case. This is because the labor wage rate in Nigeria is very low. 
Until recently, when the Adebo Commission recommended an Increase in the 
wage rate, a laborer received only about 85 cents a day. This is about 
half of the hourly wage rate in the United States, so it can be said that 
labor is about 16 times cheaper in Nigeria. On the other hand, the cost 
of machines in Nigeria will more than double what it costs in the United 
States. Also, interest rates on loans are much higher. Depending on the 
source of the loan, the Interest rate can go as high as 30 percent. The 
Nigerian situation can be described as an economy with an abundance of 
labor and a limited supply of capital. According to the orthodox theory 
of production based on the least cost combination of factors, efficient 
production usually calls for the labor intensive technique in the areas 
where labor is abundant and capital scarce, and vice versa. 
An intensive cultcrsl sanss—-"- based or» lAbor intensive 
technique will be of advantage to the Nigerian rural employment problem. 
Nigerian agriculture has been described by some authors as having some 
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labor with zero marginal productivity. As debatable as this argument Is, 
the fact Is that due to some unfavorable conditions, many rural people are 
forced to stay with their families and help on farm works although their 
services are not essentially needed. This can be described as disguised 
unemployment. 
Because of the rate of unemployment and congestion in the big cities, 
efforts have been made to create rural employment opportunities whereby 
farm people can live In their villages while having alternative sources 
of Income. 
If Individuals or Industries can invest In silage sycamore production, 
then this can create the type of rural employment desirable for Nigerian 
rural development. This type of rural employment opportunity has proved 
very successful in areas where It exists. Not only has the family Income 
and hence welfare Increased but. In addition, removal of excess labor has 
contributed to efficient organization of farming. Above all, such oppor­
tunities tend to lower migration from rural areas to the cities and hence 
enhance even population distribution. 
It Is apparent from the above argument that the Intensive cultural 
management system can play a great role in the forest economy of a 
developing country like Nigeria and also contribute to economic development. 
81 
CHAPTER VII : SUMMARY AND CONCLUSIONS 
This study was designed to carry out an economic analysis of an Inten­
sive cultural management system Illustrated by silage sycamore production. 
The first attempt was to recognize the factors that are pertinent to this 
management system and combine them in various ways as to reflect possible 
production patterns. Critical among these factors are density, cutting 
cycle, labor and capital intensity. The four chosen densities (1x4', 2x4', 
4x4' and 6x4') represent the number of trees that can be planted per acre. 
Three cutting cycles (2-year, 3-year and 4-year) were included in the study. 
Production through a labor intensive and a capital intensive method was 
considered. These alternatives were combined to give 24 possible ways in 
which silage sycamore can be produced. 
Although a great limitation was placed on the study due to lack of ade­
quate information on yields, prices and some biological and technological 
facts, an attempt was made to obtain the profitability of the Intensive cul­
tural management system. The technique adopted was the present-net-worth. 
The conflicts in land uses arising from some environmental changes and 
societal preferences have been discussed earlier. The study analyzed how 
this can be alleviated through an intensive cultural management system by 
comparing it to a more conventional management system illustrated by slash 
pine pulpwood production. The area of land needed by each management 
system for a given output was obtained. 
The intensive management system was also examined with reference to 
locatlonal aspects. Consideration was also given to the relevance of the 
Intensive management system in the context of a developing nation. 
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Major Findings 
The major findings of the study are enumerated below. 
1. At the present time profitability, as measured by present-net-
worth, of intensive management system in general is low. Of the 
24 options examined only three show positive present-net-worths. 
The best option, which is production through a capital intensive 
method using 1x4' spacing and a 4-year cutting cycle, gave a 
present-net-worth of $169.95 per acre. This situation, however, 
can Improve with improvement in research and market situations. 
2. The capital Intensive method is more profitable than the labor 
intensive method. The major factors contributing to the unprofit-
ability of the labor intensive method are the very high cost of 
planting and harvesting resulting from drudgery of manual labor. 
3. The longer the cutting cycle the better the profit. However, it 
is recognized that the basic idea behind intensive cultural 
management system, which is the shortening of rotation and some 
technological difficulties regarding harvesting of big trees, 
will place a constraint on how long trees can be allowed to grow. 
4. For reasonable profit, a substantial amount of land, at least 576 
acres, will have to be devoted to production. 
5. The intensive cultural management system uses less land than the 
conventional management system, and hence it is a right step 
towards solving the problem of land use conflicts. 
6. Production of silage sycamore is more profitable than the produc­
tion of slash pine. While the former has a present-net-worth of 
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$130.79 per acre (after deducting cost of machine), the latter 
has a present-net-worth of $107.83 per acre. 
Conclusions 
In view of the limitations under which the study was conducted, the 
significance of the findings reported should not be exaggerated. However, 
it Is appropriate to state that, based on this study, the various interests 
expressed In favor of an Intensive management system by many researchers 
and industrial personnel are Justified. Not only will production through 
this system insure Increased output to meet the ever-increasing demand for 
raw material by pulp and paper industries, it also goes a long way toward 
solving the problem of shortage of forest labor and provides more 
efficiency by eliminating the drudgery of manual labor. 
Radically reduced period of investment is also an advantage of inten­
sive cultural management sytem that can benefit industrialists and private 
farmers as well. 
The Intensive cultural management system relates to environmental 
matters by assuring a potential supply of land for other uses, particularly 
recreation. 
Research Needs 
Research is needed in the area of cultural practices. There is need 
to know the yields from varying the length of coppice in each rotation. 
Ao af'of'A/^ fKo t*Vio antno ûa 
the length of growth from seedling as assumed in this study. What will 
happen to yield if coppice is of longer or shorter period than seedling 
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should be Investigated. More research relative to spaclngs needs to be 
done. 
There is also a need for research in design and development of har­
vesting equipment. As noted earlier, an intermediate technology may reduce 
cost and hence increase profit. There is need for research in fiber char­
acteristic and industrial uses of silage sycamore and also in alternative 
management practices. 
One of the most important economic analysis that can be carried out 
in silage sycamore production Is response surface experiment since ferti­
lizer is said to be very important for silage sycamore growth. However, 
data avilable on the effect of fertilizer on growth are scanty. From both 
a scientific and practical standpoint, it would be desirable to obtain 
information from different fertilizer application rates and their effects 
on silage sycamore production. With these data and the price ratios, the 
optimum degree of application could be determined. 
It has been widely alleged that physiological data are not adequate 
for economic analysis. In order that physiologists and economists may 
work together to make truly meaningful recommendations in silage sycamore 
production, design of physiological experiments must be subjectable to 
economic analysis. 
Under the analysis of variance type of study which is most widely 
used in response surface studies, replication and randomization are 
desirable attributes of experimental design. In production function 
astlaaticn vith rcgrcccicr. techniques, sound design is important. 
Without knowledge of experimental error, it is not possible to satis­
factorily determine what proportion of the deviations from regression 
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is due to experimental error and what to intrinsic suitability of the 
fitted functions. 
Several types of designs (complete factorial, fractional factorials, 
composite, rotable) are available for generating data for production 
surface estimation. The design that has been used most often Is the 
fractional factorial. This design is a good compromise when data are to 
be generated for a variety of research purposes and when costs and time 
are of extreme Importance. That Is, the design is not wasteful of repli­
cations, is fairly easy to set up, and yields data suitable for both 
analysis of variance tests and regression formulation. In contrast to 
the classical experimental designs such as randomized blocks, split plots 
and latin squares, the fractional factorial (and complete factorial, 
composite and rotable) designs relate to the number of treatments relative 
to one another and not the positioning of experimental plots in the 
field. Because these designs relate to the arrangement of treatments, it 
is possible to superimpose them on the classical experimental designs. 
Regardless of the type of design, it Is necessary that some treatment 
levels should be beyond the range which Is considered "a priori" economi­
cally feasible. This eliminates the possibility that the optimum rate can 
only be estimated by extrapolation. It also tends to produce better 
estimates of production responses. Another consideration in design is 
providing the greatest number of observations at the critical points so 
as to define them with more certainty. The critical points are usually 
the Y intercept (control) and those freafmenta which are considered to 
be "a priori" optimum. 
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APPENDIX A: PROGRAMMING 
c 
C PROGRAM 1, COST-RETURN STUDY FOR ALL THE AVAILABLE OPTIONS. 
C 
DIMENSION Y(3,4,2),C2(4),C3(4,2),C8(2),C9(2I,Z(2),PT(3,4,2),A(9) 
DATA Y/37.3,85.5,133.5,36.2,75.4,114.3,29.6,60.7,106.7,22.4,42.3, 
170.7,37.3,85.5,133.5,36.2,75.4,114.3,29.6,60.7,106.7,22.4,42.3, 
270.7/ 
DATA €2/10.890,5.445,2.722,1.815/ 
DATA 03/72.6,36.3,18.15,12.1,28.8,14.4,7.2,4.8/ 
DATA C8/3.,1./ 
DATA C9/1. ,0. / 
DATA Z/200.,4198.33/ 
DATA PL,PU/6.,8./ 
DO 10 1=1,3 
DO 10 J=l,4 
DO 10 K=l,2 
ISW=0 
A(1)=1.0/(4.0*(I+1)) 
Y(I,J,K)=Y(I,J,K)*A(1) 
A12»=C2(J)*A(1) 
A(3)=C3(J,K)*A(1I 
A(4)=l. 
A15)=1. 
A(6)=l. 
A(7)=l. 
A(8)=Y(I,J,K)*C8(K) 
A(9»=YII,J,K)*C9( K )  
V=Y(I,J,K» 
U=Z(K) 
1.1 CALL FACTORCV, A,U,I, J,K,PL,PU,ISW) 
IF(ISH.EQ.l) GO TO 11 
].0 CONTINUE 
STOP 
END 
SUBROUTINE FACTOR(V,A,U,IJ,JJ,KK,PL,PU,ISW) 
DIMENSION C{9),A(9),PP(256l,INT(2) 
INT(1)=10 
INT12)=100 
INFS8L=0 
RATE=0.06 
ARG=1.+RATE 
DIV=ARG**(IJ+1 ) 
IFlKK.NE.l) GO TC 2 
WRITE(6t3) IJtJJ 
3 FORMAT(•I*,lOX,'//CUTTING CYCLE*,IX,II,'/',IX,'DENSITY',IX,II,'/' 
IIX,' LABOR //',/) 
GC TO 8 
2 WRITE(6,4) IJ,JJ 
4  F O R M A T l O X  , ' / / C U T T I N G  C Y C L E ' , I X , I I , ' / ' , I X , ' D E N S I T Y ' , I X , I I , • / •  
IIX,' MACHINE //',/) 
8 WRITE(6,6) 
6 FORMAT!' •,18X ,'COMBINATIONS OF C AND P',23X,'GROSS',5X,'VARIABLE 
l,3X,'INCREMENTAL',IX,'DISCOUNTED',4X,'PROFIT',4X,•MIN.ACRE*» 
WRITE<6,66) 
66 FORMATC », 64X SALES' ,7X,'COSTS' ,6X, • PROFIT', 5X, • I. PROFIT « ,3X, 
1»(YR./ACREJ•,3X,•NEEDED*) 
WRITE(6,7) 
7 FORMATC ',2X,'C1*,4X,*C2',4X,'C3',4X,'C4',4X,'C5',4X,'C6',4X,'C7 
l',4X,'C8',4X,'C9',5X,'P*,/) 
IND=I 
IUP={2**8) 
PMAX=-1C000. 
DO 1 I=INO,IUP 
C(l)=50. 
C(2)= 6. 
C(3)= 1.75 
C(4)= 3. 
C(5)= .5 
C(6)= .5 
C(7)=19. 
C(8)= 1.75 
r.(9)= 1.75 
P=PL 
11=1-1 
N=MC0(II,2) 
IF(N.NE.O) C(l)=55.0 
11=11/2 
N=M0D(II,2) 
IF(N.NE.OI C(2)=10.0 
11=11/2 
N=MOO(II,2) 
IF(N.NE.O) C(3»=2.0 
11=11/2 
N=H0D(IIt2) 
IF(N.NE.O) C(4)=5.0 
11=11/2 
N=M0D(II,2I 
IFCN.NE.0) C(7)=20. 
11=11/2 
N=HOO(IIf2l 
IF(N.NE.O) C(8»=2.0 
11=11/2 
N=MOD(IIt2) 
IF(N.NE.O) C(9)=2.0 
11=11/2 
N=M0D(II,2) 
IFfN.NE.O) P=PU 
VC0ST=0. 
DO 5 K=l,9 
VCOST=VCOST+A{K » *C(K) 
SALE=V*P 
VPT=SALE-VCOST 
DVPT=VPT/DIV 
IFIOVPT.LE.O.I GO TO 20 
FIND THE MINIMUM SIZE OF FARM IN ORDER TO INSURE POSITIVE PROFIT 
UNDER GIVEN COST AND PRICE COMBINATION 
L = 1 
PPlI)=L+DVPT-U 
IF( L . E G . l )  P F T = P P(n 
IF(KK-l) 12,11,12 
11 INTV=INT(1) 
GC TO 13 
12 INTV=INT(2J 
13 IF(PP(n .LT.O.O) GO TO 15 
LSAVE=L 
CALL BISECT(DVPT,U,LSAVE,INTV) 
GO TO 25 
15 L=L+INTV 
GC TO 10 
C 
C THIS PARTICULAR ALTERNATIVE IS INFISIBLE WITH PRICE={$6.,$0. ) 
C AND GIVEN COST COMBINATION. 
C THEREFORE, WE MUST FIND NEW PRICE PAIR(LOW,HIGH). 
C 
20 INFSBL=INFSBL+1 
WRITE 16,30» (C(J),J = l,9),P,SALE,VCOST,VPT,DVPT 
IF(I.EQ.IND) GO TO 21 
IF(I.NE.IUP) GC TO 22 
GO TO 1 
2 1  CALL PRICE(VCOST,V,PNEW) 
PLOW=PNEW 
GC TO 1 
2:2 CALL PRICE*VCOST,V,PNEW) 
PHIGH=PNEW 
GO TO 1 
25 WRITE(6,35) *C(J),J=1,9),P,SALE,VCOST,VPT,OVPT,PFT,LSAVE 
1 CONTINUE 
IF*INFSBL-IUP> 44,45,44 
44 ISW=0 
PL=6. 
PU=8. 
GC TO 46 
45 ISW=1 
PL=PLCV. 
PU=PHIGH 
WRITE(6,40) PL,PU 
30 FCRHAT(' ',10F6.2,4F12.4,3X,'INFISIBLE') 
35 FCRM&T(' ',10F6.2,5F12.4,5X,I5I 
40 FORMAT I'0',10X,'PRICE L0W=*,F5.2,5X,'PRICE HIGH=',F5.2) 
46 RETURN 
END 
SUBROUTINE BI SECT(VC,U • LSAVE,I ) 
IFtLSAVE.LE.II GC TO 999 
IUB=LSAVE 
ILB=LSAVE-I 
20 1M=(IUB+ILB)/2 
LC=IUe-ILB 
IF(LC.LT.2I GO TC 998 
L=IM 
P=L*VC-U 
IF(PI 5,10,15 
5 ILB=L 
GC TO 20 
1.0 LSAVE=L 
GC TG 999 vo 
1 5  IUB=L ^ 
GO TO 20 
9<)8 LSAVE = IUB 
9<)9 RETURN 
END 
SUBROUTINE PRICE IVC,V,PNEW) 
NP=9 
1 P1=V*NP-VC 
IFIPl.LE.O.) GC TO 10 
PNEW=NP 
GC TO 20 
10 NP=NP+1 
GO TO 1 
,20 RETURN 
END 
c 
C PROGRAM 2. COMPUTE MARGINAL YIELD UNDER GIVEN CONDITIONS. 
C 
DIMENSION Y(3,4,2),C2(A),C3(4,21,Z(2I,A(9J 
DATA Y/37.3,85.5,133.5,36.2,75.4,114.3,29.6,60.7,106.7,22.4,42.3, 
170.7,37.3,85.5,133.5,36.2,75.4,114.3,29.6,60.7,106.7,22.4,42.3, 
270.7/ 
CATA C2/10.890,5.445,2.722,1.815/ 
DATA C3/72.6,36.3,18.15,12.1,28.8,14.4,7.2,4.8/ 
DATA Z/200.,4198.33/ 
DC 10 1=1,3 
DC 10 J=I,4 
CO 10 K=l,2 
A(l)=l.0/(4.0**1+1)) 
A(2*=C2(J)*A(1) 
A(3)=C3(J,K)*AI1) 
A(4)=l. 
A(5)=l. 
A(6)=l. 
A(7)=l. 
V=Y(I,J,K)*A(1 J 
IF(K.NE.l) GO TO 2 
WRITE(6,1» I,J 
1 F0RMAT('1',10X,*//CUTTING CYCLE',IX,II,'/',IX,'DENSITY*,IX,II,'/', 
IIX,' LABOR //* ,/ ) 
GC TO 4 
2 WRITE(6,3) I,J 
3 FORMATCl'.lOX,»//CUTTING CYCLE',IX,II,'/',IX,'DENSITY',IX,II,'/', 
IIX,' MACHINE //',/) 
4 CALL YIELD!V,A,K) 
10 CONTINUE 
STCP 
END 
SUBROUTINE YIELD(V,A,K) 
DIMENSION A(9),C8(2»,C9(2),CL(9),CH(9),B(2»,VPT(4>,YSAVE(4) 
DATA C8/3.,1./ 
DATA C9/J.,0./ 
DATA PL,PH/6.,8./ 
D AT A CL/50**6*;1»75*3#;0*5;0*5*19#*1*75*1#T5/*CH/55*#10#*2##5** 
10.5,0.5,20.,2.,2./ 
P = l. 
UR = 3. 
R'iNT = 0.1 
JSAVE=0 
JK=1 
JJ=4 
WRITE(6,1) V 
1 FORMAT!' *,10X,'YIELD PER ANNUM=*,F10.4,/) 
WRITE(6,2) 
2 FCPMAT(« ',10X,'RATE 0F«,24X,"(H.PRICE $ L.COSTS) (H.PRICE $ », 
I'H.COSTS)',IX,'(L.PRICE $ L.COSTS) (L.PRICE $ H.COSTS)•) 
WRITE(6,100) 
IOC FORMATC ',10X,'INCREASE*,//) 
Y=V 
:-i V=R*Y 
B(1)=V*C8<K) vo 
e(2l=V*C9(K) 
A(8)=B(l) 
A(9)=B(2) 
SALEH=V*PH 
SALEL=V*PL 
C0H=0. 
CCL=0. 
DO 4 1=1,9 
CCH=COH+CH(I)*A{I) 
4 CCL=COL+CL(II*A(I) 
VPT(1)=SALEH-CCL 
VPT(2)=SALEH-CCH 
VPT(3)=SALEL-CCL 
VPT(4)=SALEL-CCH 
WRITE(6,5) R,VPT 
5 FORMAT!' »,lOX,F3.1,7X,•INCREMENTAL PROF ITS = ',4F20.4,/) 
IFCR.NE.l.) GO TO 7 
WRITE(6,6) 
6 FORMAT** ',10X,'( INCREASE YIELD BY 10% AT A TIME )•»/) 
7 CONTINUE 
DO 8 J=JK,JJ 
IF(J.LE.JSAVE) GO TO 8 
IF(VPT{JKLE.O.I GO TO 8 
YSAVE(J)=V 
JSAVE=J 
8 CONTINUE 
IF(JSAVE.EQ.O) GO TO 9 
IF(R.NE.UR) GO TO 99 
WRITE(6.1l» YSAVE 
9«3 IF(JSAVE.EQ.JJ) GO TO 12 
9 R=R+RINT 
IF(R.GT.UR) GO TO 14 
GC TO 3 
11 FORMAT!* *,10X,'YIELD!BREAK-EVEN P0INT)=',4(F10.4,2X),/I 
12 WRITE(6,13) YSAVE 
131 FORMAT!' *,10X,«YIELD RE0UIRED=*,9X,4!F10.4,2X),/) 
14 00 15 I=JK,JJ 
15 YSAVE!I)=0. 
RETURN 
END 
PROGRAM 3. CCMPARATIVE STUDY OF TWO SUGGESTED METHODS. 
DIMENSION N(6),Y(6),R(6),C(6),P(6),DP(6) 
DIMENSION V2(1C),V3(10) 
DATA N/200,300,400,500,600,700/ 
DATA Y/31.,37.8,43.2,47.8,51.9,53.5/ 
PC=0.99+19.27+14.55+11.42+10.59+0.91+8.18+14.82 
R1=0.06 
M=24 
D=Il.+RIl**M 
C3=0.0206 
C10=2.734 
€11=0.005 
PRC=7. 
T0NS=500000. 
S=2.82 
YL0=133.5 
PMC=62975. 
V2(l»=48.9 
V2(2)=47.96 
V2(3)=66.75 
V3(l*=53.34 
V3(2)=52.25 
V3(31=58.41 
DO 5 1=1,6 
R(I)=Y(I)*PRC 
C(I)=PC+C3»N(I)+C10*Y(I)+Cll»N(I) 
P(I)=R(I)-C(n 
OPtI)=P(I)/D 
IF(I.NE.l) GO TO 4 
PMAX=CP(I) 
ISAVE=I 
GO TO 5 
IF(DP(Il.LT.PMAX) GO TO 5 
PMAX=DP(I » 
ISAVE=I 
îi CONTINUE 
WPITE(6,201) 
20] FORMAT('1*,16X,«DENSITY',14X,'YIELD',17X,'RETURN',16X,'COST',14X, 
I'PROFIT",9X,«DlSé PROFIT») 
WRITE(6,202) 
20Z! FORMAT ( ' ' , I4X , ' (TREE/ACRE)' ,9X, ' ( CORD/ACRE )', 4112X ,•($/ACRE » '),// 
1 / )  
DC 10 1=1,6 
WRITE(6,203 I N(I),Y(1),R(I),C(I I,P(1),DP(I) 
202 FCRMATC ' , 22X , 13,15X, F5. 1, 4FZ0.4 > 
10 CONTINUE 
WRITE(6,204) PMAX,ISAVE 
20' FCRMAT CO',20X,'PMAX = ',F15.4,5X,'ISAVE=',I 3,//» 
ACPE1=T0NS/(S*Y(ISAVE)*2.) 
ACRE2=TCNS/(YLC*3) 
RTNl=aCREl*R(ISAVE)*2 
RTN2=ACRE2*V2(3)*M*2 
RTN3=ACRE2*V3(3)*M*2 
CST1=ACRE1»C{ISAVE)*2 
CST2=ACRE2*16.*(V2(1)+2.*V2<2);+PMC*48./15. 
CST3=ACRE2*16.*(V3(1I+2.*V3<2))+PMC*48./15. 
DRTN1=ACREI»DP(ISAVE)*2 
RATI01=RTN1/CST1 
WRITE(6,205) 
20!' FCRMATC •,10X,'// CASE CF PRODUCING 500,000 TONS DURING 48 YEARS 
I / / ' , / / )  
WRITE(6,206) 
206 FCRMATC •,25X,'FARH SIZE*ACRE)',5X,'TOTAL RETURN($)',7X, 
I'TOTAL COST($)»,7X,'NET RETURN($)',11X,'R/C RATIO',//) 
WRITE(6,207) ACREl,RTN1,CST1,ORTNl,RAT101 
207 FORMAT!' •,lOX,'NEW',7X,5F20.2,/) 
WRITE(6,208) ACRE2,RTN2,CST2 
20(1 FORMAT!' ' , lOX ,'CLD(HIGH) •,3F20.2,/) 
WRITE(6,209) ACRE2,RTN3,CST3 
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APPENDIX B: INTERPRETATION OF OPTIONS 
ci ai bl m labor intensive method, 1x4' spacing and 2--year cutting cycle 
ci ^ 2 bl m labor intensive method, 2x4* spacing and 2--year cutting cycle 
ci ^ 3 bl m labor intensive method. 4x4' spacing and 2--year cutting cycle 
C1 84 bl m labor Intensive method, 6x4' spacing and 2--year cutting cycle 
Ci b2 labor intensive method, 1x4' spacing and 3. -year cutting cycle 
ci «2 ^ 2 
m labor intensive method, 2x4' spacing and 3--year cutting cycle 
ci a3 b2 n labor intensive method. 4x4' spacing and 3--year cutting cycle 
Ci ^ 4 b2 m labor intensive method, 6x4' spacing and 3. -year cutting cycle 
ci ai bs m labor Intensive method. 1x4' spacing and 4--year cutting cycle 
ci 82 bs m labor intensive method, 2x4' spacing and 4--year cutting cycle 
ci 83 b3 labor intensive method. 4x4' spacing and 4--year cutting cycle 
Ci 84 ba n labor Intensive method. 6x4' spacing and 4--year cutting cycle 
C2 81 bl capital intensive method, 1x4' spacing and 2--year cutting cycle 
C2 82 bl capital intensive method, 2x4' spacing and 2--year cutting cycle 
C2 83 bl ta capital intensive method. 4x4' spacing and 2--year cutting cycle 
C2 ^ 4 h capital intensive method. 6x4' spacing and 2--year cutting cycle 
C2 ai b2 capital intensive method, 1x4' spacing and 3--year cutting cycle 
C2 82 b2 capital intensive method, 2x4' spacing and 3--year cutting cycle 
C2 83 ^ 2 capital intensive method, 4x4' spacing and 3--year cutting cycle 
C2 84 ^ 2 capital intensive method, 6x4' spacing and 3--year cutting cycle 
C2 ai bs capital intensive method, 1x4' spacing and 4--year cutting cycle 
C2 82 h capital intensive method, 2x4' spacing and 4--year cutting cycle 
C2 83 ba capital intensive method, 4x4' spacing and 4--year cutting cycle 
C2 ^ 4 bs capital Intensive method, 6x4' spacing and 4--year cutting cycle 
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APPENDIX C: YIELDS OF AMERICAN SYCAMORE IN GEORGIA 
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Table 17. Yields from two plantings of American sycamore In Georgia* 
Site 
description 
No. of 
repli­
cates 
Years to harvest Spacing 
(feet) 
Fresh weight 
production 
(tons/acre) 
Seedling Coppice Seedling Coppice 
Upland 3 3 1 1x4 9.4 6.3 
Piedmont 3 2 1 2x4 5.7 8.1 
3 2 1 4x4 4.9 8.0 
Cecll-Madlson 3 2 2 1x4 9.4 12.5 
soil series 3 2 2 2x4 5.7 13.5 
3 2 2 4x4 4.9 14.7 
Plot size = 
.018 acres 
Bottomland 3 1 2 1x4 2.0 15.7 
Piedmont 3 1 2 2x4 0.9 12.6 
3 1 2 4x4 0.5 8.1 
Congaree 3 1 2 6x4 0.5 10.7 
soil series 1 2 2 1x4 9.1 9.3 
1 2 2 2x4 8.9 9.0 
Plot size - 1 2 2 4x4 3.8 8.5 
.033 acres 1 2 2 6x4 3.5 6.1 
1 1 3 1x4 2.3 23.4 
1 1 3 2x4 1.1 16.9 
1 1 3 4x4 0.5 12.4 
1 1 3 6x4 0.4 11.8 
1 4 0 1x4 33.0 -
1 4 0 2x4 28.2 -
1 4 0 4x4 26.3 -
1 4 0 6x4 17.3 — 
O^btained from School of Forest Resource, University of Georgia and 
Southeastern Experimental Station. 
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Table 18. Sycamore silage - physical yields a 
Cutting Age of 
rootstock 
Crop type 
and Spacing 
(years) (years) number 1x4' 2x4' 4x4' 4x6 
M lbs per acre 
2 2 Seedling 24 14 8 8 
4 Coppice No. 1 32 25 16 14 
6 Coppice No. 2 32 25 16 14 
8 Coppice No. 3 32 25 16 14 
10 Coppice No. 4 32 25 16 14 
3 Seedling 45 39 31 28 
6 Coppice No. 1 65 56 45 41 
9 Coppice No. 2 65 56 45 41 
12 Coppice No. 3 65 56 45 41 
15 Coppice No. 4 65 56 45 41 
4 Seedling 65 60 50 45 
8 Coppice No. 1 94 87 72 65 
12 Coppice Nos, 2 94 87 72 65 
16 Coppice No. 3 94 87 72 65 
20 Coppice No. 4 94 87 72 65 
S^ource: Dutrow (13). 
Table 11). Per acre sawtlmber and pulpwood yields (site Index 70)* 
number Wood yields without facing Wood yields with facing Gum yield 
Age oE trees All trees Multiple product All trees Multiple product per acre -
In per as pulpwood Sawtlmber Pulpwood as pulpwood Sawtlmber Pulpwood 4 year total 
years acre (cords) (board feet) (cords) (cords) (board feet) (cords) (barrels) 
15 200 17.2 1,092 13.7 17.1 0 13.7 0 
300 20.1 0 20.1 20.1 0 20.1 0 
400 22.4 0 22.4 22.4 0 22.4 0 
500 24.2 0 24.2 24.2 0 24.2 0 
600 25.9 0 25.9 25.9 0 25.9 0 
700 27.5 0 27.5 27.5 0 27.5 0 
800 29.1 0 29.1 29.1 0 29.1 0 
20 200 27.1 4,203 16.0 26.5 3,945 16.1 8.721 
300 32.7 3,085 24.7 32.3 2,894 24.8 6.158 
400 37.2 2,087 31.9 36.9 1,906 32.1 3.933 
500 40.9 1.342 37.6 40.7 1,267 37.6 2.518 
600 44.3 0 44.3 44.3 0 44.3 0 
700 47.4 0 47.4 47.4 0 47.4 0 
25 200 35.0 7,297 17.0 34.4 6,932 17.3 12.639 
300 42.9 6,380 27.5 42.3 6,201 27.4 11.974 
400 49.2 5,170 37.0 48.7 5,038 36.9 9.960 
500 54.7 4,036 45.3 54.2 3,943 45.2 8.062 
600 59.5 3,085 52.5 59.1 3,031 52.3 6.436 
30 200 41.3 9,924 17.5 40.8 9,718 17.6 14.493 
300 51; 1 9,406 29.0 50.5 9,203 29.0 15.029 
400 59.0 8,287 40.0 58.4 8,118 39.9 14.129 
500 65.7 6,999 50.1 65.3 6,875 50.0 12.642 
S^ource: Bennett and Clutter (4). 
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APPENDIX D: COST ITEMS 
Table 20. Controlled burning - total costs and component distribution of 
costs per acre, 1961 and 1967* 
Southern coastal plain 
Conditions on area treated 
Less More 
Component 
of cost 
(percent) Average 
difficult 
than 
average 
difficult 
than 
average 
Direct labor (32.2) 45.0 (29.7) 44.1 (44.4) 43.3 
Supervision (19.5) 13.5 (17.6) 15.0 (13.1) 13.8 
Equipment (37.2) 31.6 (36.5) 30.1 (33.6) 34.8 
Overhead (11.1) 9.9 (16.2) 10.8 (8.9) 8.1 
Mean total cost 
(dollars) (0.46) 0.99 (0.32) 0.79 (0.96) 1.81 
*Data in parentheses are results of 1961 survey as reported in 
Forest Farmer, September 1963. Dashes indicate data not available. 
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Northern coastal plain Piedmont 
Conditions on area treated Conditions on area treated 
Less More Less More 
difficult difficult difficult difficult 
than than than than 
Average average average Average average average 
(46.6) 53.1 (47.5) 52.9 (46.3) 47.9 (—) 48.2 (—) 60.6 (—) 60.7 
(16.6) 16.0 (14.5) 13.7 (16.8) 14.0 (—) 17.4 (—) 8.0 (—) 8.3 
(28.4) 24.2 (27.9) 24.2 (25.9) 24.1 (—) 21.4 (—) 14.7 (—) 19.1 
(8.4) 6.7 (10.1) 9.2 (11.0) 14.0 (—) 13.0 (—) 16.7 (—) 11.9 
(0.93) 1.86 (0.82) 0.86 (1.68) 2.67 (—) 1.79 (—) 1.21 (—) 2.19 
Table 21. Total site preparation by all mechanical methods - total costs 
and component distribution of coats per acre, 1961 and 1967* 
Southern coastal plain 
Conditions on area treated 
Less More 
Component difficult difficult 
of cost than than 
(percent) Average average average 
Direct labor (22.9) 23.9 (18.6) 21.8 (17.0) 24.2 
Supervision (7.7) 4.4 (5.2) 6.0 (3.4) 4.5 
Equipment (53.2) 65.1 (72.1) 64.9 (78.0) 67.1 
Overhead (16.2) 6.6 (4.1) 7.3 (1.6) 4.2 
Mean total cost 
(dollars) (14.56)19.27 (13.31)17.36 (21.11)32.30 
D^ata In parentheses are results of 1961 survey as reported In 
Forest Farmer, September 1963. Component percentages for Piedmont (less 
difficult than average conditions) not available for 1961. 
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Northern coastal plain Piedmont 
Conditions on area treated Conditions on area treated 
Less More Less More 
difficult difficult difficult difficult 
than than than than 
Average average average Average average average 
(17.8) 25.1 (22.4) 22.4 (28.7) 26.1 (18.2) 22.7 (—) 22.0 (31.2) 25.4 
(8.4) 7.1 (7.7) 8.8 (5.7) 7.3 (6.1) 3.8 (--) 4.6 (2.2) 3.0 
(69.9) 59.4 (65.5) 58.8 (59.8) 56.8 (73.1) 67.5 (--) 67.4 (66.1) 67.7 
(3.9) 8.4 (4.4) 10.0 (5.8) 9.8 (2.6) 6.0 (—) 6.0 (0.5) 3.9 
(16.03)20.82 (12.25)20.64 (28.00)32.37 (15.58)25.27 (11.00)16.14 (24.95)31.65 
Table 22. Planting by hand on open or cutover land - total costs and 
component distribution of costs per seedling, 1961 and 1967^  
Component 
of cost 
(percent) 
Open land seedlings per acre 
Less than 700 700-900 More than 900 
Southern coastal plain 
Direct labor (—) 81.9 (55.9) 75.6 (65.3) 75.5 
Supervision (-) 9.0 (11.4) 8.2 (14.5) 7.8 
Equipment (--) 2.8 (23.3) 6.1 (6.3) 10.0 
Overhead (-) 6.3 (9.4) 10.1 (13.9) 6.7 
Mean total cost 
(dollars) (0.0145) 0.0287 (0.0230) 0.0185 (0.0150) 0.0181 
Northern coastal plain 
Direct labor (-) •MM (59.5) 65.2 (52.2) 46.7 
Supervision (--) (26.2) 12.4 (17.4) 16.7 
Equipment (—) — —  (1.2) 2.5 (8.7) 6.6 
Overhead (-) — (13.1) 19.9 (21.7) 30.0 
Mean total coat 
(dollars) (-) — — (0.0130) 0.0177 (0.0180) 0.0219 
Piedmont 
Direct labor (75.8) 63.7 (78.1) 68.3 (74.8) 71.3 
Supervision (9.3) 11.9 (9.3) 5.0 (14.0) 9.1 
Equipment (14.0) 6.2 (2.5) 5.0 (2.9) 1.8 
Overhead (0.9) 18.2 (10.1) 21.7 (8.3) 17.8 
Mean total cost 
(dollars) (0.0153) 0.0243 (0.0151) 0.0236 (0.0143) 0.0177 
*Data In parentheses are results of 1961 survey as reported In 
Forest Farmer, September 1963. Dashes Indicate data not available. 
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Cutover land seedlings per acre 
Less than 700 700-900 More than 900 
Southern coastal plain 
(62.1) 68.8 
(24.8) 11.6 
(0.7) 5.1 
(12.4) 14.5 
(0.0221) 
(—) 66.0 
(—) 16.4 
(—)  0 .8  
(—) 16.8 
(65.2) 75.6 
(13.5) 6.6 
(11.3) 9.4 
(10.0) 8.4 
(75.3) 61.5 
(6.6) 9.8 
(1.1) 6.2 
(17.0) 22.5 
(92.6) 73.7 
(12.7) 13.2 
(2.3) 8.1 
(2.4) 5.0 
(0.0140) 0.0155 
(52.2) 60.2 
(17.4) 11.6 
(8.7) 5.8 
(21.7) 22.4 
0.0275 (0.0189) 0.0201 
Northern coastal plain 
(0.0159) 0.0225 (0.0181) 0.0255 (0.0126) 0.0207 
Piedmont 
(78.7) 68.3 (76.6) 69.4 (74.3) 78.0 
(6.5) 6.0 (10.3) 8.1 (8.9) 5.4 
(1.0) 2.3 (2.9) 7.0 (1.9) 0.5 
(13.8) 23.4 (10.2) 15.5 (14.2) 16.1 
(0.0196) 0.0256 (0.0155) 0.0252 (0.0129) 0.0189 
Table 23. Planting by machine on open or cutover land - total costs and 
component distribution of costs per seedling, 1961 and 1967^  
Component 
of cost 
(percent) Less than 700 
Open land seedlings per acre 
700-900 More than 900 
Direct labor 
Supervision 
Equipment 
Overhead 
Mean total cost 
(dollars) 
Direct labor 
Supervision 
Equipment 
Overhead 
Mean total cost 
(dollars) 
Direct labor 
Supervision 
Equipment 
Overhead 
Mean total cost 
(dollars) 
Southern coastal plain 
(—) 
(—) 
(-) 
(-) 
50.3 
4.9 
26.3 
18.5 
(35.0) 
(18.3) 
(42.4) 
(14.3) 
44.2 
8 . 2  
34.7 
12.9 
(30.0) 
(13.6) 
(48.4) 
(7.7) 
30.5 
6.3 
39.0 
24.2 
(0.0069) 0.0206 (0.0166) 0.0134 (0.0075) 0.0122 
Northern coastal plain 
(—) 
(—) 
(-) 
(—) 
(—) 0.0160 
(—) 
(—) 
(-) 
(-) 
48.1 
13.7 
17.5 
20.7 
(32.3) 29.6 
(13.3) 7.8 
(31.3) 31.3 
(23.3) 31.3 
(0.0096) 0.0108 
Piedmont 
(49.5) 48.9 
(6.7) 5.8 
(34.6) 21.5 
(9.2) 23.8 
(—) 
(—) 
(—) 
(—) 
(0.0075) — 
(49.8) 
(17.9) 
(17.4) 
(14.9) 
72.7 
12.2 
6 .0  
9.1 
(—) 0.0198 (0.0092) 0.0198 (0.0087) 0.0232 
*Data in parentheses are results of 1961 survey as reported in 
Forest Farmer, September 1963. Dashes indicate data not available. 
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Cutover land seedlings per acre 
Less than 700 700-900 More than 900 
Southern coastal plain 
(29.5) 52.0 (35.6) 51.6 (41.3) 42.7 
(2.8) 7.7 (7.7) 8.1 (12.4) 4.7 
(58.5) 27.5 (47.3) 30.4 (41.6) 36.2 
(9.2) 12.8 (9.4) 9.9 (4.7) 16.4 
(0.0072) 0.0191 (0.0130) 0.0152 (0.0058) 0.0150 
Northern coastal plain 
(—) — (—) 34.7 (—) — 
(—) — (—) 8.9 (—) — 
(-—) — (—) 30.4 . (—) — 
(--) — (—) 26.0 (—) — 
(—) — (0.0143) 0.0151 (—) — 
Piedmont r^ . 
(74.1) 48.9 (54.2) 49.4 (—) 43.8 
(12.3) 7.6 (3.6) 4.2 (—) 6.2 
(12.3) 25.3 (18.1) 36.4 (—) 43.8 
(1.3) 18.2 (24.1) 10.0 (—) 6.2 
(0.0175) 0.0170 (0.0131) 0.0208 (0.0141) 0.0176 
Table 24. Cutting to release young growth - total costs and component 
distribution of costs per acre, 1961 and 1967* 
Southern coastal plain 
Conditions on area treated 
Less More 
Component difficult difficult 
of coat than than 
(percent) Average average average 
Direct labor (82.8) 66.2 (90.0) 66.7 (90.0) 71.8 
Supervision (10.1) 13.7 (5.0) 12.5 (5.0) 15.4 
Equipment (3.1) 5.5 (0.8) 8.3 (0.8) 8.3 
Overhead (4.0) 14.6 (4.2) 12.5 (4.2) 12.5 
Mean total cost 
(dollars) (6.11)14.55 (5.00)12.00 (10.00)19.50 
*Data in parentheses are results of 1961 survey as reported in 
Forest Farmer, September 1963. 
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Northern coastal plain Piedmont 
Conditions on area treated Conditions on area treated 
Less More Less More 
difficult difficult difficult difficult 
than than than than 
Average average average Average average average 
(61.4) 72.9 (40.0) 72.8 (40.0) 68.0 (71.0) 80. 5 (68.3) 60. 1 (76.3) 68.5 
(13.0) 10.8 (28.0) 13.8 (28.0) 11.5 (12.8) 5. 4 (14.6) 16. 0 (9.8) 5.7 
(11.7) 12.4 (15.0) 10.8 (15.0) 10.3 (10.8) 9. 6 (11.0) 16. 0 (9.8) 22.9 
(13.9) 3.9 (17.0) 2.6 (17.0) 10.2 (5.4) 4. 5 (6.1) 7. 9 (4.1) 2.9 
(13.22)10.70 (6.00)7.85 (10.00)14.40 (10.36)12.80 (10.25)8.75 (15.36)17.50 
Table 25. Poisoning undesirable trees - total costs and component distribution of costs per acre, 
1961 and 1967* 
Size and number of trees treated 
Component 
of cost 
(percent) 
Over 12" D.B.H. Under 12" D.B.H. 
More than 40 
trees per acre 
Less than 40 
trees per acre 
More than 40 
trees per acre 
Less than 40 
trees per acre 
Direct labor 
Supervision 
Equipment 
Overhea d 
Mean total cost 
(dollars) 
Direct labor 
Supervision 
Equipmeat 
Overhead 
Mean total cost 
(dollars) 
Direct labor 
Supervision 
Equipment 
Overhead 
Mean total cost 
(dollars) 
(64.3) 
(7.1) 
(21.4) 
(7.2) 
73.5 
6.9 
11.5 
8.1 
(7.13) 11.42 
(85.0) 
(5.0) 
(1.7) 
(8.3) 
65.5 
9.4 
7.5 
17.6 
(10.33) 12.30 
(—) 65.0 
(—) 8.0 
(--) 12.7 
(--) 14.3 
(7.81) 10.62 
Southern coastal plain 
(49.1) 
(12.3) 
(24.5) 
(14.1) 
71.5 
8.1 
12.7 
7.7 
(55.6) 
(11.2) 
(21.5) 
(11.7) 
73.6 
6.9 
9.1 
10.4 
(5.03) 6.94 (8.35) 9.02 
Northern coastal plain 
(85.0) 
(5.0) 
(2.5) 
(7.5) 
76.1 
5.2 
9.0 
9.7 
(4.50) 5.10 
(85.0) 62.8 
(5.0) 9.3 
(1.7) 11.0 
(8.3) 16.9 
(11.19) 15.64 
Piedmont 
64.7 
9.3 
(54.5) 
(8.5) 
(35.1) 12.2 
(1.9) 13.8 
(62.3) 
(12.2) 
(21.3) 
(4.2) 
69.9 
10.8 
8.4 
10.9 
(57.8) 
(11.1) 
(18.9) 
(12.2) 
73.5 
7.2 
11.3 
8.0 
(5.81) 5.26 
(85.0) 
(5.0) 
(2.5) 
59.2 
10.1 
19.8 
(7.5) 10.9 
(6.00) 12.48 
(—) 
(--) 
(—) 
69.9 
8.9 
7.0 
(9.07) 7.56 (8.77) 13.84 
(--) 14.2 
(--) 9.49 
^Data in parentheses are results of 1961 survey as reported in Forest Farmer, September 1963. 
Dashes indicate data not available. 
Table 26 .  Girdling undesirable trees - total costs and component distribution of costs per acre, 
1961 and 1967* 
Sizeand number of trees treated 
Clompommt 
of cout 
(percent) 
Over 12" D.B.H. Under 12" D.B.H. 
More than 40 
trees per acre 
Less than 40 
trees per acre 
More than 40 
trees per acre 
Less than 40 
trees per acre 
Direct labor 
Supervision 
Equipment 
Overhead 
Mean total cost 
(dollars) 
Direct labor 
Supervision 
Equipment 
Overhe ad 
Mean total cost 
(dollars) 
Direct labor 
Supervision 
Equipment 
Overhead 
Mean total cost 
(dollars) 
(54.2) 80.5 
(9.4) 4.8 
(23.3) 14.2 
(13.1) 0.5 
C6.28) 10.59 
(—) 78.9  
C—) 8.2 
C—) 9 .3  
(—) 3 .6  
C—) 9.87 
(—) 73.9  
(—) 8.2 
(—) 7 .2  
C—) 10.7 
(4 .79)  9 .06 
Southern coastal plain 
C44.4) 79.0 
(12.7) 3.6 
(26.4) 16.9 
C16.5) 0.5 
(63.6) 83.9 
(13.0) 6.1 
(16.9) 9.6 
(6.5) 0.4 
(4.83) 5.28 (5.74) 7.99 
Northern coastal plain 
(—) 78.2 
(—)  6 .8  
(—) 10.1 
C—) 4.9 
(—) 7.05 
(—) 81.0 
C--) 6.0 
C—) 9.1 
C—) 4.4 
C—) 9.35 
Piedmont 
(62.4) 
(13.1) 
(17.4) 
(7.1) 
67.4 
8.4 
8.1 
16.1 
(77.1) 
(13.7) 
(4.6) 
(4.6) 
75.3  
7 .8  
6 .7  
10.2 
(49.5) 
(21.1) 
(17.7) 
(11.7) 
84.9 
5.8 
8.9 
0.4 
(4.83) 5.02 
(-) 
(--) 
C—) 
(—) 
80.5 
6.0 
9.1 
4.4 
(——) 6.83 
(-) 
(--) 
(-) 
(•—) 
74.8 
6.9 
9.8 
8.5 
(3.28) 8.27 (5.32) 9.47 (—) 8.72 
^Data in parentheses are results of 1961 survey as reported in Forest Farmer, September 1963. 
Dashes indicate data not available. 
121 
Table 27. Timber cruising (ten percent) - total costs and component 
distribution of costs per acre, 1961 and 1967* 
Component 
of cost 
(percent) 
Average for all conditions 
Southern 
coastal plain 
Northern 
coastal plain Piedmont 
Direct labor 
Supervision 
Equipment 
Overhead 
(54.3) 62.5 
(19.2) 14.6 
(12.7) 8.3 
(13.8) 14.6 
(60.3) 69.4 
(22.2) 6.9 
(7.2) 12.6 
(10.3) 11.1 
(38.5) 65.0 
(40.7) 16.7 
(8.5) 6.7 
(12.3) 11.6 
Mean total cost 
(dollars) (0.31) 0.91 (0.48) 0.71 (0.44) 0.55 
*Data in parentheses are results of 1961 survey as reported in 
Forest Farmer, September 1963. 
122 
Table 28. Marking trees for harvesting - total costs and component 
distribution of costs per acre, 1961 and 1967* 
Component 
of cost Purpose of cut 
(percent) Thinning Improvement Seedtree Selection 
Southern coastal plain 
Direct labor (53.5) 64.7 (53.4) 67.4 (44.2) 63.4 (63.7) 68.6 
Supervision (20.8) 9.5 (23.4) 12.4 (28.5) 12.6 (13.3) 11.4 
Equipment (19.3) 14.0 (17.1) 9.7 (14.3) 15.4 (17.2) 9.2 
Overhead (6.4) 11.8 (6.1) 10.5 (13.0) 8.6 (5.8) 10.8 
Mean total cost 
(dollars) (1.47) 2.97 (1.66) 2.95 (1.11) 1.95 (1.31) 3.28 
Northern coastal plain 
Direct labor (70.0) 55.4 (69.3) 46.6 (72.0) 49.4 (65.0) 69.2 , 
Supervision (8.0) 17.5 (8.5) 30.1 (7.6) 32.3 (15.0) 8.6 
Equipment (6.8) 13.8 (7.3) 11.1 (7.6) 10.6 (7.5) 9.2 
Overhead (15.2) 13.3 (14.9) 12.2 (12.8) 7.7 (12.5) 13.0 
Mean total cost 
(dollars) (3.11) 4.04 (2.31) 3.54 (1.91) 3.54 (4.36) 4.54 
Piedmont 
Direct labor (71.0) 52.9 (42.6) 74.3 (83.8) 72.7 (55.9) 69.4 
Supervision (3.3) 27.1 (25.6) 1.9 (4.2) 6.0 (18.7) 10.2 
Equipment (19.4) 7.9 (22.5) 10.3 (4.2) 6.5 (17.9) 8.9 
Overhead (6.3) 12.1 (9.3) 13.5 (8.3) 14.8 (7.5) 11.5 
Mean total cost 
(dollars) (2.56) 3.27 (2.02) 3.33 (1.10) 2.10 (2.24) 2.02 
*Data In parentheses are results of 1961 survey as reported in 
Forest Farmer, September 1963. 
Table 29. Seedbed preparation by discing or other mechanical methods In 
established (and likely partially-harvested) stands - total 
costs and component distribution of costs per acre, 1967* 
Southern coastal plain 
Conditions on area treated 
Component 
of cost 
(percent) Average 
Less 
difficult 
than 
average 
More 
difficult 
than 
average 
Direct labor 21.1 18.1 18.7 
Supervision 6.4 4.6 3.7 
Equipment 65.6 70.0 72.7 
Overhead 6.9 7.3 4.9 
Mean total cost 
(dollars) 14.82 14.35 23.78 
®The 1961 survey as reported In Forest Farmer, September 1963, did 
not provide data for comparison. 
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Northern coastal plain Piedmont 
Conditions on area treated Conditions on area treated 
Less More Less More 
difficult difficult difficult difficult 
than than than than 
Average average average Average average average 
22.8 18.8 20.7 26.4 26.3 22.7 
7.1 6.5 5.2 3.0 5.7 2.1 
61.0 69.1 67.0 67.2 64.0 72.4 
9.1 5.6 7.1 3.4 4.0 2.8 
16.66 12.54 19.99 15.98 10.44 21.24 
